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Abstract:

In the Federal Communications Commission’s (Commission) Report & Order, Expanding Flexible
Use of the 3.7 to 4.2 GHz Band,* (C-Band Order), the Commission “encourage[s] the industry to
convene a group of interested stakeholders to develop a framework for interference
prevention, detection, mitigation, and enforcement in the 3.7-4.2 GHz band.

One of these multi-stakeholder working groups is Technical Working Group #4 (TWG4), focused
on Coexistence between the 3.7 GHz Service and Citizens Broadband Radio Service (CBRS).

This report provides the findings and outcomes, based upon the work of TWG4.

1 See Expanding Flexible Use of the 3.7 to 4.2 GHz Band, Report and Order and Order of Proposed Modification, 35
FCC Rcd 2343 (2020) (“C-Band Order”)
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2. Background
In the Federal Communications Commission’s (Commission) Report & Order, Expanding Flexible
Use of the 3.7 to 4.2 GHz Band,? (C-Band Order), the Commission “encourage[s] the industry to
convene a group of interested stakeholders to develop a framework for interference
prevention, detection, mitigation, and enforcement in the 3.7-4.2 GHz band”. The Commission
“also encourage[s] any multi-stakeholder group that is formed to consider best practices and
procedures to address issues that may arise during the various phases of the C-band transition
and to consider coexistence issues related to terrestrial wireless operations below 3.7 GHz. It
reasoned that a multi-stakeholder group “could provide valuable insight into the complex
coexistence issues in this band and provide a forum for the industry to work cooperatively
towards efficient technical solutions to these issues.”?

Shortly after the C-Band Order was adopted, a representative group of industry associations
and companies (the “Multi-Stakeholder Group” or “MSG”) joined together to collaboratively
develop the preliminary roadmap for four TWGs to engage in the technical work necessary to
address the coexistence and relocation logistics issues described in the Order. The MSG
includes representatives from approximately 60 different companies and associations across a
wide range of stakeholder interests—including aviation, broadcasters and content companies,
cable providers, satellite operators and filter manufacturers, Wireless Internet Service
Providers, Citizens Broadband Radio Service stakeholders and Spectrum Access System
providers, wireless services providers (nationwide, rural, and regional) and manufacturers, and
other entities and representative associations—with representatives engaging in one or more
of the TWGs and often including multiple representatives from within each organization.*
This resulted in four Technical Working Groups (TWGs). The TWGs include TWG1, 3.7 GHz
Service / FSS Coexistence, TWG2, FSS Relocation, TWG3, 3.7 GHz Service / Radio Altimeter
Coexistence, and TWG4, 3.7 GHz Service / CBRS Coexistence.

This report provides the findings and outcomes, recommendations from Technical Working
Group #4 (TWG4), focused on Coexistence between the 3.7 GHz Service and Citizens Broadband
Radio Service (CBRS).

The TWG4 was co-chaired by PJ Jayawardene from Charter Communications and Pete Tenerelli
from Verizon. Itincludes 52 participants from the following companies and associations: AT&T,
Cablelabs, CCA, Charter, Comcast, Commscope, CTIA, Ericsson, Federated Wireless, GCl,
Google, Midco, Nokia, NCTA, Nokia, Qualcomm, Samsung, T-Mobile, US Cellular, Verizon,
Viaero, Windstream, and WISPA.

2 See Expanding Flexible Use of the 3.7 to 4.2 GHz Band, Report and Order and Order of Proposed Modification, 35
FCC Rcd 2343 (2020) (“C-Band Order”)

3 Expanding Flexible Use of the 3.7 to 4.2 GHz Band, Report and Order and Order of Proposed Modification, 9333
Id. 9 333.

4 See https://ecfsapi.fcc.gov/file/1092402222337/200924%20C-Band%20Multi-
Stakeholder%20Group%20Meeting%20Ex%20Parte.pdf
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3. Approach and Report Structure
This section describes the approach we followed in the execution of the TWG4 activities.

a. Approach
Our approach to TWG4 was to first identify areas for analysis and discussion. We then made a
concerted effort to bring the identified topics to conclusion by presenting a detailed problem
statement and a solution. The criteria for consideration of a coexistence implementation
included evaluation of technical feasibility, deployment considerations, and technical
effectiveness. The resulting document was a Statement of Work (SoW), described below.
Following this, TWG4 members assisted with the analysis of the relevant topics, sharing
information via e-mail and during our weekly meetings.

The aim of TWG4 was to seek areas of agreement, upon which we could make
recommendations.

In cases where we did not reach agreement, we outlined the aspects of disagreement.

Given the limited available time, we generally found that the scope of the group was ambitious,
perhaps overly so. As such, we have abbreviated various analyses that the group studied. We
note these abbreviations in the individual subsections of this report.

b. Report Structure

TWG4 developed a Statement of Work (SoW) shortly after the group’s formation. We used this
to SoW to guide the activities, analysis, and discussion amongst the group. The latest version of
the SoW is version 1.4. The main topics covered in the SoW are the following:

Identify and Confirm Areas of Concern

Define Use Cases

Quantifying the impacts of the areas of concern
Coexistence options

Coexistence management and coordination
Enforcement of coexistence practices

AN AN

We presented findings, outcomes, and discussions using section headings of each of the six
SoW topics.
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4. Summary of Findings and Outcomes

This section summarizes the findings and outcomes related to the topics taken up by TWG4.
For details on each SoW topic, please see sections that follow below.

While every effort was made to address the major coexistence challenges, one underlying
challenge was that the intra-band coexistence framework within CBRS and C-Band themselves
were still yet to be defined or were in their early stages of exploration.

a. SoW ltem #1: Identify and Confirm Areas of Concern

First, at the onset of TWGA4, the group anchored the following areas as primary areas of
investigation.

a. Absence of TDD synchronization between C-Band and CBRS operators and Intra-C-Band
operators
Impacts of Out of band emissions between CBRS and C-Band
Receiver overload / co-location considerations
Impact between non-3GPP operations in the CBRS band and C-Band Operations
Potential for negative impact on CBRS’ Environmental Sensing Capability (ESC) system
by C-Band transmissions

e

Topics (a), (b) and (c) were evaluated in static analysis for the worst case scenario, simulation
results considering synchronous, semi-synchronous and unsynchronized networks, and
characterization of unsynchronized networks using CBRS intra-band field measurements.

The TWG4 concluded that the absence of synchronization could mutually degrade the
performance of both CBRS and C-Band networks to varying degrees.

Regarding topic (d) above, TWGA4’s understanding is that the CBRS Alliance or Wireless
Innovation Forum (WInnForum) are examining how non-3GPP technologies can support TDD
synchronization with 3GPP technologies. The current dominant non-3GPP technologies in the
CBRS band are WiMAX and a proprietary technology developed by Cambium Networks. The
current status and roadmap to allow non-3GPP technology TDD synchronization is that WiMAX
in still in progress and the feasibility analysis for the Cambium Networks protocol is complete.
The subsequent step is the CBRS Alliance or WinnForum would need to perform the necessary
protocol development.

Regarding topic (e) above, this is being investigated by the CBRS Alliance or WInnForum so
TWG4 did not work on this topic.
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b. SOW ltem #2 Define Use Cases

TWG4 performed an analysis to assess the possible combinations of use cases and found that
the number was over one million. Since the analysis of each use case is hours-long, evaluating
the full set of use cases was impractical. Therefore TWG4 worked on reducing the number to a
more manageable level. The group performed this by limiting the analysis to C-Band to CBRS
base station to base station analysis and prioritizing the most prevalent five (5) use cases.

For further details with supporting Use Case analysis spreadsheet, please see Appendix B:
Technical Details of SoW Item 2 - Define Use Cases.
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c. SOW ltem #3: Quantifying the impacts of the areas of concern

TWG4's Statement of Work described this task excerpted directly from the SoW as follows:

Quantify the impacts of the areas of concern in the subsections below. Account for the following
considerations during these efforts:

e Use realistic equipment specifications and filter characteristics
e Consider existing levels of intra-band interference
e Consider existing interference mitigation techniques

a. Deterministic and statistical analysis of:
i. Asynchronous TDD operation
ii. Out of band emissions
iii. Receiver overload and co-location

b. Non-3GPP solutions:
i. Determine the non-3GPP use cases being employed within CBRS and their
usage across the band
ii. Quantify the impact between non-3GPP use cases and 3GPP use cases and the
probability of the impact over the next 3-5 years as 3GPP based solutions gather
scale

Most of TWG4's work to quantify interference performance impacts focused on examining the
effect of varying degrees of TDD Synchronization between the networks under study.

The TWG4 concluded that the absence of synchronization could mutually degrade the
performance of both CBRS and C-Band networks to varying degrees.

In the absence of information on the characteristics of commercial C-Band equipment, TWG4
opted for providing a range of specifications to help provide some sensitivity analysis on how a
change in specification values might have varying degrees of impact to co-existence
performance.
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Deterministic Analysis

This section summarizes the deterministic analysis and key findings of interference between
unsynchronized CBRS and C-Band networks.

The following four scenarios of mutual impact exist between CBRS and C-Band:
1- BSto BSinterference: BS downlink to BS uplink
2- UE to UE interference: UE uplink to UE downlink
3- BSto UE interference: BS downlink to UE downlink
4- UE to BS interference: UE uplink to BS uplink

TWG4 reported on the BS to BS interference as a result of its deterministic analysis.

Findings:

e The primary area of concern was the BS-BS interference, and the findings from the
deterministic analysis was that the interference threshold, characterized by an ACIR target
range, as published in the 3GPP specification® was exceeded when the unsynchronized
adjacent networks base stations were nearby to each other.

e The analysis found that a separation distance of 100 — 250 m would be required in order to
avoid exceeding the interference threshold, see chart below. This outcome (as seen as
“Urban NLos_A in the chart) is based upon the use of a 25 dB interference reduction to
account for beamforming efficiency

1800 S

1600 Urban nLos

1400

Urban
nLos_A

1200

1000

Isolation distance (m)
g 8

&
g

g

0
1
30 31 32 33 34.35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

................... ACIR

Figure 1 Deterministic analysis- worst case C-Band base station to CBRS base station interference analysis

5 See 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; NR; Base Station
(BS) radio transmission and reception, 3GPP TS 38.104.
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationld=3202
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Caveats

There were comments from the group regarding the applicability of some aspects of the
analysis, including the following:

e The 3GPP blocking spec used in our analysis is meant for the certification of equipment, and is
not related to network performance in the field. A capacity simulation is in order, calculating
throughput reductions.

e The 6 dB interference spec is an equipment testing spec, and does not mean the receiver will get
desensitized. This is a corner case and the use of this value doesn’t indicate how frequently this
situation could occur. In contrast, a standardized 3GPP method that quantifies how often
unacceptable degradation would occur in a given scenario. Note that the 3GPP method assumes
a synchronized TDD.

e Others commented that the current set of parameter values are suitable for worst-case.

e There was discussion about the lack of realistic equipment specifications and the applicability of
using FCC limits for e.g. out of band emissions (OOBE) and maximum effective isotropic radiated
power (EIRP), since we expect that actual equipment will perform better than FCC limits and the
likely use of lower power in urban areas. The interference impacts due to unsynchronized
aspects are also applicable to within the CBRS band.

For further details, including analysis spreadsheet please refer to Appendix C, Sub-section (a):
Technical Details of SoW Item #3 quantifying the impacts of the areas of concern.
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ii.  Dynamic Simulation Analysis
This section summarizes the Dynamic Simulation Analysis and key findings of interference from
C-Band to CBRS Band under unsynchronized, semi-synchronized, and synchronized conditions.

The Dynamic Simulation Analyses used varying degrees of synchronization, as described in the
table below. Note that both of the CBRS and C-Band systems were transmitting with “full
buffer” (i.e. always had traffic to send over the air interface):

CBRS CBRS C-Band C-Band

SEEnario Downlinkd, Uplink4® DownlinkJ, Uplinkf SCEnarioiComments
o)
Uni\(/)r?c/;ed 0% 100% 100% 0% Won't occur in .tf.\e field, provides
boundary condition.

TDD
Semi-

Synched 70% 30% 30% 70% 50% probability of frame collision.
TDD
Fully

Synced 70% 30% 70% 30% Co-sited BSs. Vertical separation 5m.
TDD

In each scenario, the analysis examined the impact of varying ACIR (Adjacent Channel
Interference Ratio) {46 dB, 58 dB} and varying distance between CBRS and C-Band sites {100m,
300m}. Note that the co-sited, fully synchronized scenario assumed 5m of vertical separation.

All degradations are relative to the “baseline” case where only CBRS are operating (no C-Band
transmissions).

Findings:

e Degradation appeared predominantly in the CBRS uplink, (not in the CBRS downlink). This
degradation is further described below in terms of throughput reduction.
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Fully unsynchronized scenario:
This is the worst case amount of synchronization (never synchronized)

CBRS CBRS C-Band C-Band
Downlinkd, Uplink4® Downlinkd, Uplinkf

CBRS Uplink Throughput Degradation

Scenario

e 300m separation and 58 dB ACIR:
Performs almost as well as the
baseline (CBRS only network).

Cell center loss: 4.3%
Cell edge loss: 5.5%

100% .
Unsynched 0% 100% 100% 0% e 300m separation and 46 dB ACIR:
TDD Manageable drop in performance

for the cell center but a more
significant drop for cell edge users.
Cell center loss: 11.6%

Cell edge loss: 69.1%

Semi-synchronized scenario:

This is a more likely scenario to occur with unsynchronized networks.

. CBRS CBRS C-Band C-Band - :
Scenario Downlinkd, Uplink® Downlinky, Uplink/ CBRS Uplink Throughput Degradation

e 300m separation and 58 dB ACIR:
Almost no loss relative to the
baseline
Cell center loss: 6.9%

Cell edge loss: 2.7%

e 300m separation and 46 dB ACIR:
Manageable drop in performance
for the cell center but a more

Semi- L
synched — 30% 30% 70% significant drop for cell edge users.
DD Cell center loss: 20%

Cell edge loss: 54%

100m separation and 58 dB ACIR:
Manageable drop in performance for
the cell center but a more significant
drop for cell edge users.

Cell center loss: 18%

Cell edge loss: 54%
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Fully Synchronized, co-sited scenario (5m vertical separation):

Scenario Do;:::k 4 Usl?:ks 1 Dof’;ii‘i:i ¢ Lﬁ;ﬁ::i CBRS Uplink Throughput Degradation
e 46 dB ACIR:
Fully No degradation
Synced 70% 30% 70% 30% Cell center loss: 0.34%
TDD Cell edge loss: 2.1%

Conclusions:

e Adistance of 300m between C-Band and CBRS sites appears to provide sufficient
protection for CBRS Base Stations to operate with little or no degradation.

e Deploying fully synchronized networks and a 5m vertical separation between CBRS and C-
Band Base stations could potentially provide sufficient isolation to protect CBRS uplink and
downlink operations with no degradation.

For further details, including supporting presentation, please refer to Appendix C, Sub-section
(b): Technical Details of SoW Item #3 quantifying the impacts of the areas of concern.
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iii.  Measurements in an unsynchronized TDD CBRS Network.
This campaign was based upon measurements within the CBRS frequency band and between
CBRS transceivers. It assessed performance impacts by varying the geographic and spectral
distance between the victim and aggressor within unsynchronized or synchronized TDD CBRS
networks.

The aggressors (Base Stations or UEs) and Victim UE were all indoors while the victim BS was
outdoors.

Findings:
e When networks are synchronized, performance is similar regardless of geographic and
spectral separation.
e When the networks are unsynchronized, there is degraded throughput when the network
elements are closer in geographic and spectral separation.
e For the indoor to outdoor case, 20m separation is sufficient to avoid degradation. For
the indoor to indoor case, a 20m and 10 MHz separation is sufficient to avoid
degradation.

TWG4 discussed the applicability of these CBRS-CBRS measurements with reference to the
working group mandate of CBRS/C-Band coexistence and noted that the general trends are
likely similar, even if the quantitative results would vary.

For the presentation supporting this section, please refer to Appendix C, Sub-section (c):
Technical Details of SoW Item #3 quantifying the impacts of the areas of concern.
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iv.  Impact of relative levels of network loading on CBRS / C-Band networks that are fully
synchronized

This section summarizes the coexistence analysis of C-Band and CBRS networks that are fully
synchronized.

The simulation examined the impact of varying the relative network utilization levels in the

respective networks (Note that, the cell edge targets were 5 Mbps for downlink and 1 Mbps

for uplink in this study):

e First, it looked at interference levels within CBRS (with C-Band “switched off”),

e Next, it examined the impact of C-Band on the CBRS network for both Cat A and Cat B
CBSDs.

Regarding the transmitting and receiving network elements:
e CBRS Base stations were outdoor (Cat A & Cat B) CBRS UEs were both indoor & outdoor
e C-Band Base stations were outdoor macro

Findings:
e In all cases, the degradation to capacity was on the downlink, but not on the uplink.
e With fully synchronized TDD network, when the C-Band is the aggressor, a very high
network utilization (~90%) is needed to severely impact CBRS so the interference
levels are manageable under typical network scenarios. Modifying the relative
antenna orientations of the victim/aggressor has a significant positive impact in
reducing interference.

For the presentation supporting this section, please refer to Appendix C, Sub-section (d):
Technical Details of SoW Item #3 quantifying the impacts of the areas of concern.
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d. SOW ltem #4 Coexistence Options
This section describes TWG4’s analysis of coexistence options.

TWG4 examined coexistence options, including a survey of what is happening globally in the
mid-band TDD networks (2, 3, and 4 GHz bands). We also looked at various global regulatory
and operator’s intra-band coexistence methods see Appendix D.

The following summarizes the two presentations on the topic:

e Licensing was a mix of allocation of spectrum to the operators and auctioning of
spectrum.

e The use of guard bands was rare, except for one 4G case.

e In 5G networks, coordination among operators is the method for deciding TDD
parameters. The Chinese regulator was involved in organizing negotiations. In 4G
networks, there was more regulator involvement including three mandating a set of
TDD parameters.

e In many countries that we analyzed, with or without a regulatory mandate, operators
are collaborating in the choice of specific TDD configuration parameters, to be
applied in-common among all networks using adjacent unpaired spectrum
allocations.

o Japan’s ministry of communications guidelines recommends that operators
support the industry-consensus TDD parameters.

o China’s MIIT recommends synchronization for adjacent TDD systems, and requests
that operators negotiate with one another to identify specify synchronization
schemes

o Operators in several European countries have selected a preferred TDD
pattern, with the encouragement of local regulators but without a pre-existing
mandate. The operators’ consensus in these countries is for a TDD pattern
with uplink-downlink ratio between 1:3 and 1:4

e As aframework for regulators and operators to consider, GSMA suggests®: 1) defining a
default national parameter set, 2) permitting operators to agree on localized arrangements
and the use of alternative synchronization frame structures, and 3) allowing operators to
update the agreed national TDD synchronization parameters.

6 See GSMA’s 5G TDD Synchronisation Guidelines and Recommendations for the Coexistence of TDD Networks in
the 3.5 GHz Range. https://www.gsma.com/spectrum/wp-content/uploads/2020/04/3.5-GHz-5G-TDD-
Synchronisation.pdf
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e Some countries have an alternate TDD configuration as well. The UK has a primary
and alternate TDD pattern with a permissive and restrictive mask, respectively. Japan
allows operators to use an alternate TDD pattern locally by changing some downlink
slots to uplink.

e There are two predominant special slot configurations -> (Downlink: Guard Period:
Uplink Symbols):

o Without incumbents present in the band -> 10:2:2
o With incumbents present in the band -> 6:4:4 or 4:6:4
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TWG4 found that the research done was useful to understand coexistence options used
elsewhere. TWG4 was questioned as follows:

Question: Sho

uld TWG4 define a default and alternate frame configuration?

Answer: TWG4 did not reach a consensus on this issue, with most commenters preferring
not to have a default configuration (See below).

Discussion:

e Thosei
O
O

O

n favor of a default and alternate frame configuration said the following:

We should address this now. Waiting until an interference problem occurs is too late.
We should learn from other countries experience.

Up-front coordination of TDD configuration parameters will reduce the likelihood for
service impairments and secure the value of C-Band and CBRS licenses.

Without alignment of TDD parameters, instances of interference could be widespread
within the entirety of a licensed area, because operators often deploy network
infrastructure in close proximity to competitors, who may be using adjacent TDD
spectrum.

The identification and mitigation of interference between unsynchronized TDD
networks will require different, possibly more rigorous, techniques than what
operators conventionally apply to the resolution of interference in FDD bands.
Adoption of a common default configuration could, therefore, reduce the effort and
costs associated with performance and reliability engineering.

e Those opposed to a default and alternate frame configuration said the following:

O

o
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Need flexibility to deploy TDD pattern that meets the business need in any given
area.

CBRS Alliance Compliance certification of intra-CBRS TDD synchronization
coexistence techniques is still being defined, due to be completed in Q4-2020

The operational impacts of CBRS operators adopting different TDD configuration
(within CBRS band) and some not choosing/able to synchronize (within CBRS band),
and procedures to handle such situations are unclear at this stage. They will become
clearer as the deployments in CBRS band increase and mature over next several
months.

Interference won’t occur everywhere and a nationwide default is overly restrictive.
Licensees should be known before making such a decision

Cross-band interference might be able to be worked out using normal course of
business techniques.
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e Several commenters also proposed a hybrid approach which would provide some
proactive measures to be better equipped if and when co- and adjacent-band
interference becomes a prevalent issue that needs to be effectively managed (please
refer to section 4e for specifics).

For further details, including the presentation supporting this section, please refer to Appendix
D: Technical Details of SoW Item #4 Coexistence Options.

As a result of being unable to reach consensus, TWG4 took up the next SoW item
(Coexistence management and coordination) with the following question: If no default TDD
configuration, then how would a notification/coordination mechanism work? Please refer to
Section 4e SOW item #5 below for details.
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e. SOW ltem #5 Coexistence Management and Coordination

In this chapter of the TWG4, we began with the context: if we don’t have a default set of
TDD synchronization parameters, then what should a CBRS / C-Band coordination or
notification mechanism look like?

TWG4 debated multiple aspects of a coordination / notification mechanism extensively.
However, we did not reach a consensus on answer(s) related to this question. The non-
consensus items include the following: the timing for development of a coordination or
notification mechanism, whether it made more sense to have a centralized vs. localized
mechanism, whether or not a mechanism was required vs. normal course of business
operations to solve cross-band interference problems, and the expected severity of cross-
band interference problems.
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Timing for development of a TDD coordination/notification mechanism?
e Those preferring to develop coordination or notification mechanism after the C-
Band auction said the following:

O

The intra-C-Band coexistence mechanism should be worked out after the auction
when the licensees and licensing are known. Following this, the inter-band
coexistence should be worked out.

We’ve bounded the problem. Its scope could change based on the C-Band licensing
and licensees. Therefore, it doesn’t make sense to try to address the situation
without knowing scope better. We may find that the interference problems are quite
manageable.

The affected entities will work in good faith to find a solution; using TDD
synchronization or otherwise.

It's too soon to develop a plan based on hypothetical circumstance. Wait until after
the auction to do so. We should not speculate on who will be the C-Band licensees.
Other countries decisions are based upon intra-band considerations. CBRS Alliance
Compliance certification of intra-CBRS TDD synchronization coexistence techniques is
still being defined, due to be completed in Q4-2020

Part 96 regulations do not accord adjacent channel protections within CBRS and
solutions are being evaluated by the industry.

Unlike other countries’ regulators, the FCC has traditionally avoided technology
mandates and it allows the licensees to determine how to implement their networks.

e Those preferring to develop coordination or notification mechanism now said the
following:

O

While it is clear that we don’t know all the players, we have worked out that
interference can occur.

Global operators have already been dealing with TDD networks longer than we have
and they agree that it is a problem but we cannot seem to. We should take their
experience into account and solve this now. There is an interference problem with
unsynchronized TDD and we should do something about it.

All parties who will be C-Band licensees are already present in the TWG4, so we don’t
need to wait until later to address TDD synchronization coordination.
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Are normal course of business operations to solve cross-band interference problems
sufficient?
e Comments asserting that normal course of business operations are not sufficient:

o Lack of a coordination/notification mechanism could hurt the value of the spectrum.
Operational predictability is worth the cost of some flexibility.

o It will not be straightforward and will be labor-intensive to identify the lack of TDD
synchronization as the cause of degradation. These interference problems will be
inside of the license area boundaries and worse than current FDD license boundary
area problems.

e Comments asserting that normal course of business operations are sufficient:

o Cross-band interference mitigation is a natural extension of license boundaries

coordination, which is done in the normal course of business.

As a result of the non-consensus, we don’t have specific immediate-term recommendations
on this topic.
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Hybrid approaches

There were also some hybrid approaches discussed at the TWG4 9-18-2020 meeting. We discussed
the following two proposals, but did not reach any agreement on them.

e Create a “passive/low touch” public database that could help quickly identify potential
interference between TDD systems. This proposed database would contain potential interferer
candidates and would require operators to register network devices in a generalized way to help
determine root cause of co- or adjacent channel TDD interference. The solution could address
the concern that operators often don’t want to share information about their network
infrastructure.

e Consider a list of “interference mitigation techniques” as part of a toolbox to use when
interference issues become more prevalent. The toolset could include solutions such as

o Remote interference management for NR, studied in 3GPP TR 38.866
o Use of a PLMN scanner as a troubleshooting device which could help identify the source
of the interfering signal (as discussed in TWG1 (FSS/ 3.7 GHz service coexistence)).

The following discussion points were brought up as part of the background formulating the
above hybrid approach for coordinating and managing TDD interference and coexistence:

e The focus should be on what are the triggers for coordination. It should be an overarching
framework to include how to qualify interference and how to identify the aggressor.

e We should also anticipate interference problems related to unsynchronized TDD systems will
be inside of the license area boundaries (not just limited to the boundary areas). Therefore,
the problem will be worse than current license boundary area problems.

e Triggers can be based on those used in the regular course of business. Affected parties
exchange information as in a natural extension of license boundaries coordination. Triggers
can be common industry Network KPls (i.e. Throughput, Retainability, Accessibility, etc.). If
cross-band interference is the root cause, the affected parties can work it out.

e Business as usual methods are the right way to deal with problems that might occur. Each
operator has different KPls. If their KPI(s) are exceeded, the operator should look into the
problem on a site by site basis.

e Regarding the case-by-case resolution of interference problems without a TDD
synchronization coordination mechanism: this is still labor-intensive and a better to have an
up-front method.

e Regarding the database method of identifying the cause of interference, measurements are

Ill

more accurate than radio propagation model but UEs are not tracked so a general “network
presence” approach might be more practical.

e The best we can do at this point is to frame tools to mitigate interference from
unsynchronized networks, including those from global operators.

e We don’t have to mandate analysis, it shows that TDD sync is useful. In the future, we

should follow global direction as other countries’ networks utilization levels increase (and
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interference would be more likely). Propose that the idea of tools be separated from the
guestion of mandates.
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f. SOW ltem #6 Enforcement of Coexistence Practices

TWG4 did not take up this topic.
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5. Appendix A: Statement of Work document
Below is the latest version of TWG4’s statement of work (version 1.4).

1. Identify and Confirm Areas of Concern
a. Absence of TDD synchronization between C-Band and CBRS operators and Intra-C-
Band operators
b. Impacts of Out of band emissions between CBRS and C-Band
c. Receiver overload / co-location considerations
d. Impact between non-3GPP operations in the CBRS band and C-Band Operations
e. Potential for negative impact on CBRS’ Environmental Sensing Capability (ESC) system
by C-Band transmissions

2. Define Use Cases
Define coexistence use cases

3. Quantifying the impacts of the areas of concern
Quantify the impacts of the areas of concern in the subsections below. Account for the
following considerations during these efforts:

e Use realistic equipment specifications and filter characteristics

e Consider existing levels of intra-band interference,

e Consider existing interference mitigation techniques

a. Deterministic and statistical analysis of:
i. Asynchronous TDD operation
ii. Out of band emissions
iii. Receiver overload and co-location

b. Non-3GPP solutions:
i. Determine the non-3GPP use cases being employed within CBRS and their
usage across the band
ii. Quantify the impact between non-3GPP use cases and 3GPP use cases and the
probability of the impact over the next 3-5 years as 3GPP based solutions gather
scale

4. Coexistence options
a. Evaluate lessons learnt from global TDD deployments and their efficacy in the US
b. Explore efficacy of other mitigation methods (e.g. CBRS/C-Band eco-systems, isolation
and guard bands, etc.)
c. Considerations over a policy decision on coexistence vs. establishing an industry-wide
solution?

5. Coexistence management and coordination
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a. Develop key information elements that need to be shared between operators in the
C-Band and operators in the CBRS band.

b. Recommend actions to be taken by CBRS and C-band operators upon exchange of the
information elements in 4.1

i. Evaluate the role of the SAS in its current embodiment and if needed in an
expanded scope

c. Determine the desired end-state of performance upon implementation of coexistence
solutions and triggers to determine any deviation from desired end-state

6. Enforcement of coexistence practices

a. Determine the process for re-alignment when deviations from the end state are
detected

b. Specify which operator the onus falls on for implementing remedial action as outlined
in4.2

7. Clarifications Needed
[Insert as needed]
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6. Appendix B: Technical Details of SoW Item 2 - Define Use Cases

a. Overall Approach
As part of the initial discussions during the first few TWG4 meetings, it was immediately
recognized that this working group needed to document and logically qualify the exponential
combinations of C-Band — CBRS Band co-existence Use Cases. To address this concern, the
TWG4 team converged took a top-down approach of identifying Use Case Parameters that
would be used to categorize and quantify the full set of Use Case Scenario combinations. To aid
with this analysis and categorization, the team created a “Use Case Analysis Worksheet”
(attached below) that includes the parameters and tabulated combinations and distillation of
filtered Priority 1 Use Cases.

This appendix articulates the thought process and analysis performed by the TWG4 team in
order to manage and distill the huge number of theoretical Use Case combinations (> 1.2
million) down to a manageable and practical number (<204). This level of intelligent filtering
facilitates a more targeted and in depth analysis of the probability and performance impact of
the mutually agreed primary use cases while providing a frameworks for guidance on other
“less likely” or “corner” use cases.

b. Analysis Summary
In Summary, the Use Case Analysis quantified 5 out of 16 Priority 1 Parent Use Case
“categories” of which there are 1,216,512 possible “Unfiltered” Priority 1 Use Case
combinations. Appreciating this was clearly an unmanageable number of Use Case Scenarios for
analysis, certain Use Case Parameter combinations were fixed to achieve a minimum filtered
subset of Priority 1 Use Case Combinations narrowed down to 204.

Finally, the list of 204 filtered Priority 1 Use Case Combinations was tabulated in detail and
further analyzed in a pivot table to help the TWG4 team to agree on focusing on the C-Band to
CBRS Band 3GPP BS-BS analysis as a baseline for detailed interference simulation analysis. The
following figure summarizes the breakdown of the 204 filtered Priority 1 Use Case
Combinations based on Parent Use Case and Co-Location vs Separated categories:

Count of Priority Column Labelﬂ
E/Co-located E/Separated

Parent Use Case ﬂ Rural Suburban Urban| Rural Suburban Urban

C-Band/3GPP/BS to CBRS/3GPP/BS 4 4 4 12 4 4 4 12 24
C-Band/3GPP/BS to CBRS/Non-3GPP/BS 8 8 8 24 8 8 8 24 48
CBRS/3GPP/BS to C-Band/3GPP/BS 4 4 4 12 4 4 4 12 24
CBRS/3GPP/UE to C-Band/3GPP/UE 6 6 6 18 6 6 6 18 36
CBRS/Non-3GPP/UE to C-Band/3GPP/U 12 12 12 36 12 12 12 36 72
Grand Total 34 34 34 102 34 34 34 102 204
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c. Use Case Analysis Worksheet

The following attached XLS worksheet (C-Band - CBRS Band Co-existence Use Case
Matrix_1.4.xlIsx) contains the result of the joint TWG4 analysis of C-Band — CBRS Band co-
existence Use Cases:

C-Band - CBRS Band

Co-existence Use Cast

The following list summarizes the content contained within each respective tab in the attached
XLS worksheet:
e Revision Control — Self-explanatory list of key tracked updates made to this XLS
e Use Case Parameters — Top-down listing of parameters to help categorize and quantify
Use Case Scenario combinations
e Parent Use Case Scenarios — Listing and breakout of primary Use Case Scenarios for
ranking Priority plus analysis table for quantifying Use Case Scenario Combinations with
filtering strategy to reduce Priority 1 Use Cases into a Minimum Combination Subset of
204 filtered Priority 1 Use Cases
e Parent Use Case Definitions — Summary table to define the Parent “Umbrella” Use Case
Scenarios
e Parent Use Case Pivot — Summary pivot table based on primary Use Case Scenarios
listed as a table in the Parent Use Case Scenarios tab
e Priority Use Cases — Detailed table listing all 204 combinations of the filtered Priority
Use Case combinations quantified from the Parent Use Case Scenarios tab
e Priority Use Case Pivot — Pivot table based on the tabulated data of 204 filtered Priority
1 Use Cases from the Priority Use Cases tab

d. Criteria Used and Thought Process
This section summarizes the criteria used and the thought process the TWG4 Team followed to
distill the number of C-Band / CBRS Band Co-existence Use Case Scenarios down to a
manageable and practical number.

In developing the attached Use Case Analysis Worksheet above, the TWG4 team started by
defining an exhaustive list of Use Case Parameters grouped in a logical manner of Transmitter /
Receiver Use Case Parameters plus Additional Use Case Scenario Parameters as detailed in the
Use Case Parameters tab.

The Use Case Parameters were then tabulated and grouped into Parent Use Case Scenarios tab

where the TWG4 team evaluated and ranked the Priority of each of the 16 qualified Parent Use
Case Scenarios from 1 — High to 4 — Low. This was further summarized on the Parent Use Case
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		Revision		Date		Change Notes		Author		Contributors

		1.0		06/12/20		Original		Cameron Gillis (Samsung)		Shahzad Bashir (T-Mobile), Andy Clegg (Google)		 

		1.1		06/18/20		Added Digital/Analog and Indoor/Outdoor Use Case Parameters plus added some Analysis Factors (i.e. ACLR, OOBE, etc.). 		Cameron Gillis (Samsung)		Masoud Olfat (Federated Wireless), Shahzad Bashir (T-Mobile), Andy Clegg (Google)		 

		1.2		06/19/20		Added new "Antenna Type" for MMU / Antenna Pattern and "Clustering" Use Case Parameters plus Power Control/Power Reduction Analysis Factors. Added ESC Form Factor under BS category. Also, updated Use Case Scenarios and Summary Pivot based prioritization discussion during TWG-4 meeting on 6/19. Changed Priority scale from 1 to 5 (1 - High, 3 - Medium, 5 - Low). Added Revision Control tab for tracking updates to TWG-4 community.		Cameron Gillis (Samsung)		TWG-4 6/19 Meeting Participants		 

		1.3		06/26/20		Re-prioritized Row 11 (Interference source: CBRS/3GPP/BS to Interference destination: C-Band/3GPP/BS) to Priority 1 due to high likelyhood of colocation of CBRS and C-Band BS infrastructure.		Cameron Gillis (Samsung)		Pete Tenerelli (Verizon)

		1.4		06/28/20		* Expanded "Antenna Type" definition to consider integrated vs external antenna types based on grouping internal with MIMO plus both horizontal and vertical beamwidths for directional antennas. 
* Categorized ESC Use Case Scenarios to be followed up in WInnForum.
* Adjusted "Priority" Scale from 1-5 to 1-4.
* Re-prioritized 3 additional Use Case Scenario branches (Interference source: CBRS/3GPP/BS, UE, and CBRS/Non-3GPP/UE to Interference destination: C-Band/3GPP/BS and UE) to Priority 1 due to high likelyhood of colocation of CBRS and C-Band BS infrastructure and high-powered (Cat B) CBRS UE. New total of 5 "Parent" Use Case Scenarios.
* Set all C-Band Tx/Rx Modulation to "Digital".
* Removed all 3GPP "Air IF Coexistence" parameter iterations for C-Band and CBRS Tx/Rx.
* Added "Use Case Combination Analysis" at the bottom of the "Parent Use Case Scenarios" tab to pair down to practical number of combinations to be expanded in "Priority Use Cases" tab.
* Expanded explicit set of priority 1 use cases into separate "Priority Use Cases" tab with added new "Priority Use Case Pivot" tab so the team can now vote on the specific scenarios we wish to dive into detailed follow-up analysis.		Cameron Gillis (Samsung)		Pete Tenerelli (Verizon), PJ Jayawardene (Charter), TWG-4 6/26 Meeting Participants		 

												 

												 

												 

												 





Use Case Parameters

				Transmitter / Receiver Use Case Parameters

														Applicability				Use Case Parameter Description (Definition-Characteristics)

				Interference - Source (TX)				Band						CBRS		C-Band		Which Frequency Band is used by the Source and Destination

								CBRS		Upper				Y				3650 to 3700 MHz Band 48 and n48 as defined by FCC. Exclusive GAA.

										Lower				Y				3550 to 3650 MHz Band 48 and n48 as defined by FCC. PAL and GAA.

								C-Band		Lower				 		Y		3.7 to 3.98 GHz to be planned for 3GPP NR as part of Auction 107. Note full 3.7 to 4.2 GHz currently for FSS with lower 280 MHz auction target start of December, 2020. For the purposes of this interference study, C-Band will refer to the new 3.7 to 3.98 GHz Band.		 

										Upper				 				4.0 to 4.2 GHz reserved for FSS following re-farming following Auction 107 in December, 2020 where lower 280 MHz will be re-allocated to new "Flexible-Use Service Licenses" for Next-Generation Wireless Services. For the purposes of this interference study, C-Band will refer to the new 3.700 to 3.980 GHz to be planned for 3GPP NR.		 



								Technology										Which Radio Technology is used by the Source and Destination

								3GPP		LTE				Y				3GPP TDD LTE only in CBRS Band 48.

										NR				Y		Y		3GPP TDD NR in Band n48 and C-Band. Will they have significantly different interference considerations? Note that all Lower C-Band deployments in 3.7-3.98 GHz spectrum will be 3GPP TDD NR.		 

								Non-3GPP						Y				Non-LTE Technologies (All Digital Modulation OFDM TDD?). Examples include incumbant Part 90 and Part 96 Fixed Wireless, ESC, and Naval Radar in CBRS Band and incumbant FSS in C-Band but this study group will focus on lower C-Band which will only use 3GPP NR technology.		 



								Air IF Coexistence										Which Air Interface Coexistence algorithm type is used by the Source and Destination

								Contention-Based						Y		Y		Source or Destination uses random access air interface protocol for establishing connection (e.g. RACH procedure).		 

								Non-Contention-Based						Y		Y		Source or Destination uses scheduled air interface protocol for establishing connection (e.g. HO procedure).		 



								Modulation Type										Which Modulation Type is used by the Source and Destination

								Digital						Y		Y		Air interface uses digital modulation. For example OFDM (Orthogonal Frequency Division Multiplexing).		 

								Analog						Y				Air interface uses analog modulation. For example SSB (Single Side Band).		 



								Bandwidth										Occupied Channel Bandwidth of Source and Destination

								5-100 MHz				 		Y		Y		Carrier bandwidths of 5, 10, 15, 20, 40, 50, 60, 80, 100 MHz but probably only need to choose a few for analysis.		 



								Form Factor										Which Form Factor is used by the Source and Destination

								BS		Macro				Y		Y		High TX EIRP (RF Power and/or directional antenna gain) and high RX Sensitivity and filtering. Category B (47 dBm/10 MHz) for CBRS and could be rare 340 kW EIRP for C-band FSS or up to 1640 Watts/MHz EIRP for lower C-Band NR. Need to define typical practical EIRP for C-Band NR Macro Base Station which is typically installed in a fixed location.		 

										Small Cell				Y		Y		Medium TX EIRP (RF Power and/or directional antenna gain) and medium RX Sensitivity and filtering. Category B (47 dBm/10 MHz) for CBRS and up to 1640 Watts/MHz EIRP for lower C-Band NR. Need to define typical practical EIRP for C-Band NR Small Cell Base Station which is typically installed in a fixed location.		 

										Pico/Femto Cell				Y		Y		Low TX EIRP (RF Power and/or directional antenna gain) and lower RX Sensitivity and filtering. Category A (30 dBm/10 MHz) for CBRS but the indoor EIRP limitation for the lower C-Band NR hasn't yet been confirmed? Need to define typical practical EIRP for C-Band NR Pico/Femto Cell Base Station which may also have nomadic mobility characteristics.		 

										ESC				Y				WInnForum will be doing the ESC evaluation. Environmental Sensing Capability RX only designed to detect presense of Naval Radar activity and notify SAS to pre-empt CBRS channel utiliztion while Naval Radar activity is present.		 

								UE		Smartphone				Y		Y		Low TX EIRP and omni antenna gain with lower RX sensitivity and filtering. Category A (30 dBm/10 MHz) for CBRS and 30 dBm (1 Watt) EIRP for C-Band. Typically in mobile or nomadic mobile location.		 

										CPE				Y				Higher TX EIRP (RF Power and/or directional antenna gain) and higher RX Sensitivity and filtering than Smartphone. May be either Category A (30 dBm/10 MHz) or Category B (47 dBm/10 MHz) for CBRS and N/A for C-Band due to 30 dBm EIRP limitation. Typically in a fixed location.		 



								Antenna Type										Which Antenna Type is used by the Source and Destination		 

								Directional		Low Gain Static				Y		Y		External 120 degree sector antenna with typical 60 degree horizontal and 20 degree vertical 3dB beamwidth and >10 dBi gain.		 

										High-Gain Static				Y		Y		External antenna with narrow <20 degree horizontal and vertical 3dB beamwidth and >20 dBi gain fixed pattern (i.e. parabolic dish or fixed panel / phased array).		 

										High-Gain Dynamic				Y		Y		Integrated antenna with narrow <20 degree horizontal and vertical 3dB beamwidth and >20 dBi gain dynamic beam-stearing or beam switched array (i.e. Massive MIMO).		 

				Interfered - Destination (RX)				Omni		Low-Gain				Y		Y		Full 360 degree pattern with wide (>40 degree) vertical 3dB beamwidth and 0-3 dBi gain.		 

										High-Gain				Y		Y		Full 360 degree pattern with narrow (<20 degree) vertical 3dB beamwidth and >6 dBi gain.		 





				Additional Use Case Scenario Parameters

				TX - RX Correlation										Applicability				Envronmental Considerations Impacting Interference Correlations between Interferer Source (TX) to Interfered Destination (RX)

								Proximity						CBRS		C-Band		Proximity of Interferer Source (TX) to Interfered Destination (RX)

								Co-located						Y		Y		Source and Destination are co-located (<10 meter separation?)

								Separated						Y		Y		Source and Destination are separated by >100 meters?

								Location						CBRS		C-Band		Interferer Source (TX) or Interfered Destination (RX) location indoors or outdoors.

								Indoor						Y		Y		Source or Destination is located indoors.

								Outdoor						Y		Y		Source or Destination is located outdoors.

								Clustering						CBRS		C-Band		Interferer Source (TX) or Interfered Destination (RX) location indoors or outdoors.

								Single-Source/Destination						Y		Y		Source or Destination is isolated and interference is 1:1.

								Multi-Source/Destination						Y		Y		Source or Destination is clustered so interference is N:1, 1:N, or N:N.

								Mobility										Changes in geographic separation between Interferer Source (TX) to Interfered Destination (RX)

								Fixed		P2P				Y				Point to Point. Examples include FWA for CBRS Band and FSS for C-Band.

										P2MP				Y				Point to Multi-Point. Examples include FWA for CBRS Band and FSS for C-Band.

								Mobile		Fast				Y		Y		Typical vehicle speeds: 20 m/s?

										Slow				Y		Y		Typical walking speeds: 2 m/s?

										Nomadic				Y		Y		Nomadic mobility (stationary followed by relocation)

								Fading Environment										Physical environment surrounding Interferer Source (TX) and Interfered Destination (RX) impacting fading behavior due to clutter impacting reflection and attenuation of desired and interfering radio signals. 

								Urban						Y		Y		The TX or RX is in an urban location / environment experiencing predominantly fast fading.		 

								Suburban						Y		Y		The TX or RX is in a suburban location / environment experiencing a mix of fast and slow fading.		 

								Rural						Y		Y		The TX or RX is in a rural location / environment experiencing predominantly slow fading.		 



				Analysis Factors										Applicability

								Analysis Type						CBRS		C-Band		Type of Coexistence Analysis to be Completed

								Deterministic						Y		Y		Fixed variable analysis

								Statistical						Y		Y		Random statistical model analysis



								Analysis Case (TX/RX Parameters)										List of Co-existence Use Case Analysis Parameters for each Use Case Scenario

								ACLR						Y		Y		Adjacent Channel Leakage Ratio (ACLR) characterizing the emissions mask and power roll-off of a transmitter and the RF power levels falling into the adjacent channel bandwidth.		 

								ACIR						Y		Y		Adjacent Channel Interference Rejection (ACIR) characterizing the ability for a receiver to reject the power spilling from an adjacent channnel an interferer and entering the front end of the receiver.		 

								ACS						Y		Y		Adjacent Channel Selectivity (ACS) characterizing the ability for a receiver to reject / discriminate against an interfering signal in the the adjacent channel so as to not capture the adjacent channel carrier but remain captured on the desired occupied channel signal.		 

								OOBE, OBUE						Y		Y		Out of Band Emissions (OOBE) or Out of Band Unwanted Emissions (OBUE) characterizing the transmitter rf leakage / power levels outside of the designed operating spectrum / band.		 

								Power Control/Power Reduction						Y		Y		…

								Others?						?		?

								ACLR/ACIR/ACS/OOBE, OBUE/Others?

								Other Analysis Parmeters										List of Other Analysis Parmeters to be categorized above

								Asynchronous TDD Operation						Y		Y		Impact of out of synch UL/DL TDD frames in terms of blocking interference levels. Part of "Non-Contention Based" Air IF Coexistence category above?		 

								Rx Overload						Y		Y		RX front end saturation and liniarity thresholds part of ACIR and ACS categories above?		 

								Coordination						Y		Y		Spectrum coordination part of Air Interface Coexistence category above?		 

								Others?						?		?





Parent Use Case Scenarios

		Interference - Source (TX)																						 		Interfered - Destination (RX)																						 		 		Additional Use Case Scenario Parameters												 				Analysis Factors				 		Analysis Priority (1 - High, 4 - Low)				 

		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		 		Proximity		Location		Clustering		Mobility		Mobility (Sub-Category)		Fading Environment		 		 		Analysis Type		Analysis Case (TX/RX Parameters)		 		Priority		Comments		 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		1				 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		2				 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		1				 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		2				 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		3				 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		4		C-Band CPE unlikely due to C-Band UL EIRP limitation.		 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		3				 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		4		C-Band CPE unlikely due to C-Band UL EIRP limitation.		 

		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		1		This is a highly likely scenario -- Much wireless infrastructure is deployed on third-party-owned towers and other antenna sites		 

		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Mobile		Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		3				 

		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		4				 

		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		1		Statistical analysis since UE-UE more susceptable to interference.		 

		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		3				 

		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Mobile		Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		3				 

		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		4				 

		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		5-100 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 		 		Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		1		Statistical analysis since UE-UE more susceptable to interference.		 

		C-Band		Lower		3GPP		NR		 		Digital		5-100 MHz		BS/UE		Macro/Small Cell/Pico/Femto Cell, Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR				Digital		5-100 MHz		BS/UE		Macro/Small Cell/Pico/Femto Cell, Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 				Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		N/A		Handled by FCC Rules		 

		CBRS		Upper/Lower		3GPP/Non-3GPP		LTE/NR, Contention/Non-Contention-Based		Contention/Non-Contention		Digital/Analog		5-100 MHz		BS/UE		Macro/Small Cell/Pico/Femto Cell, Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		3GPP/Non-3GPP		LTE/NR		Contention/Non-Contention		Digital/Analog		5-100 MHz		BS/UE		Macro/Small Cell/Pico/Femto Cell, Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 				Deterministic/Statistical		ACLR/ACIR/ACS/OOBE, OBUE/Others?		 		N/A		Handled by CBRS SAS, FCC Part 96 Rules.		 





		Use Case Combination Analysis

		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		 		Proximity		Location		Clustering		Mobility		Mobility (Sub-Category)		Fading Environment		 				Parent Use Case Name				 		Combinations		Combination Data Set		 

		C-Band		Lower		3GPP		NR		 		Digital		50/100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		10/20 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 				C-Band/3GPP/BS to CBRS/3GPP/BS										 

		1		1		1		1		1		1		2		1		3		2		3		36		1		2		1		2		1		1		2		1		3		2		3		144				2		2		2		1		2		3		48										248,832		Max Total "Unfiltered" Combinations		 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional/Omni		Low-Gain/High-Gain Static		 		 		Co-located/Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban/Suburban/Rural		 				C-Band/3GPP/BS to CBRS/3GPP/BS										 

		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		2		2		4				2		1		1		1		1		3		6										24		Min Combination Subset		 

		C-Band		Lower		3GPP		NR		 		Digital		50/100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		10/20 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 				C-Band/3GPP/BS to CBRS/Non-3GPP/BS										 

		1		1		1		1		1		1		2		1		3		2		3		36		1		2		1		1		2		2		2		1		3		2		3		288				2		2		2		1		2		3		48										497,664		Max Total "Unfiltered" Combinations		 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital/Analog		20 MHz		BS		Small Cell		Directional/Omni		Low-Gain/High-Gain Static		 		 		Co-located/Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban/Suburban/Rural		 				C-Band/3GPP/BS to CBRS/Non-3GPP/BS										 

		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		2		1		1		1		2		2		8				2		1		1		1		1		3		6										48		Min Combination Subset		 

		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		10/20 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50/100 MHz		BS		Macro/Small Cell/Pico/Femto Cell		Directional/Omni		Low-Gain/High-Gain, Static/Dynamic		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed		P2P/P2MP		Urban/Suburban/Rural		 				CBRS/3GPP/BS to C-Band/3GPP/BS										 

		1		2		1		2		1		1		2		1		3		2		3		144		1		1		1		1		1		1		2		1		3		2		3		36				2		2		2		1		2		3		48										248,832		Max Total "Unfiltered" Combinations		 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional/Omni		Low-Gain/High-Gain Static		 		 		Co-located/Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban/Suburban/Rural		 				CBRS/3GPP/BS to C-Band/3GPP/BS										 

		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		2		2		4				2		1		1		1		1		3		6										24		Min Combination Subset		 

		CBRS		Upper/Lower		3GPP		LTE/NR		 		Digital		10/20 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain		 		C-Band		Lower		3GPP		NR				Digital		50/100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 				CBRS/3GPP/UE to C-Band/3GPP/UE										 

		1		2		1		2		1		1		2		1		2		2		2		64		1		2		1		1		1		1		2		1		1		1		2		8				2		2		2		2		3		3		144										73,728		Max Total "Unfiltered" Combinations		 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single-Source Destination		Mobile		P2MP Fast/Slow/Nomadic		Urban/Suburban/Rural		 				CBRS/3GPP/UE to C-Band/3GPP/UE										 

		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1				2		2		1		1		3		3		36										36		Min Combination Subset		 

		CBRS		Upper/Lower		Non-3GPP		 		Contention/Non-Contention		Digital/Analog		10/20 MHz		UE		Smartphone/CPE		Directional/Omni		Low-Gain/High-Gain		 		C-Band		Lower		3GPP		NR				Digital		50/100 MHz		UE		Smartphone		Omni		Low-Gain/High-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single/Multi-Source/Destination		Fixed/Mobile		P2P/P2MP, Fast/Slow/Nomadic		Urban/Suburban/Rural		 				CBRS/Non-3GPP/UE to C-Band/3GPP/UE										 

		1		2		1		1		2		2		2		1		2		2		2		128		1		2		1		1		1		1		2		1		1		1		2		8				2		2		2		2		3		3		144										147,456		Max Total "Unfiltered" Combinations		 

		CBRS		Upper		Non-3GPP		 		Contention		Digital/Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single-Source Destination		Mobile		P2MP Fast/Slow/Nomadic		Urban/Suburban/Rural		 				CBRS/Non-3GPP/UE to C-Band/3GPP/UE										 

		1		1		1		1		1		2		1		1		1		1		1		2		1		1		1		1		1		1		1		1		1		1		1		1				2		2		1		1		3		3		36										72		Min Combination Subset		 

																																																																								Max Total "Unfiltered" Priority 1 Combinations:		1,216,512

																																																																								Min filtered subset of Priority 1 Combinations:		204





Parent Use Case Definitions

		Interference - Source (TX)				Interfered - Destination (RX)				Umbrella Use Case Scenario Definition

		Band		Technology		Band		Technology

		C-Band		3GPP		CBRS		3GPP		Impact of C-Band BS and UE on CBRS LTE and NR BS and UE.

								Non-3GPP		Impact of C-Band BS and UE on incumbant CBRS Band 48, Part 90 and 96 Fixed Wireless plus ESC for Naval Radar.

		CBRS		3GPP		C-Band		3GPP		Impact of CBRS Band 48 LTE and NR BS and UE on C-Band NR BS and UE.

				Non-3GPP		C-Band		3GPP		Impact of incumbant CBRS Band 48, Part 90 and 96 Fixed Wireless BS and UE plus Naval Radar on C-Band NR BS and UE.





Parent Use Case Pivot

		Priority Use Case Scenario Combination Summary

		Count of Priority								Priority

		Interferer Band		Technology		Interfered Band2		Technology2		1		2		4		3		Grand Total

		C-Band		3GPP		CBRS		3GPP		1		1		1		1		4

								Non-3GPP		1		1		1		1		4

		CBRS		3GPP		C-Band		3GPP		2				1		1		4

				Non-3GPP		C-Band		3GPP		1				1		2		4

		Grand Total								5		2		4		5		16





Priority Use Cases

		Interference - Source (TX)																						 		Interfered - Destination (RX)																						 		 		Additional Use Case Scenario Parameters												 								 		Analysis Priority (1 - High, 4 - Low)				 

		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		 		Proximity		Location		Clustering		Mobility		Mobility (Sub-Category)		Fading Environment		 				Parent Use Case Name				 		Combinations				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional/Omni		Low-Gain/High-Gain Static		 		 		Co-located/Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban/Suburban/Rural		 				C-Band/3GPP/BS to CBRS/3GPP/BS						24				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital/Analog		20 MHz		BS		Small Cell		Directional/Omni		Low-Gain/High-Gain Static		 		 		Co-located/Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban/Suburban/Rural		 				C-Band/3GPP/BS to CBRS/Non-3GPP/BS						48				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional/Omni		Low-Gain/High-Gain Static		 		 		Co-located/Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban/Suburban/Rural		 				CBRS/3GPP/BS to C-Band/3GPP/BS						24				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single-Source Destination		Mobile		P2MP Fast/Slow/Nomadic		Urban/Suburban/Rural		 				CBRS/3GPP/UE to C-Band/3GPP/UE						36				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital/Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located/Separated		Indoor/Outdoor		Single-Source Destination		Mobile		P2MP Fast/Slow/Nomadic		Urban/Suburban/Rural		 				CBRS/Non-3GPP/UE to C-Band/3GPP/UE						72				 





		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		Band		Band (Sub-Category)		Technology		Technology (Sub-Category)		Air IF Coexistence		Modulation Type		Bandwidth		Form Factor		Form Factor (Sub-Category)		Antenna Type		Antenna Type (Sub-Category)		 		 		Proximity		Location		Clustering		Mobility		Mobility (Sub-Category)		Fading Environment		 		 		Parent Use Case Name		 		 		Priority		Comments		 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Macro		Directional		High-Gain Static		 		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		C-Band/3GPP/BS to CBRS/Non-3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Directional		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		Low-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Co-located		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Urban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Suburban		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		BS		Macro		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		BS		Small Cell		Omni		High-Gain Static		 		 		Separated		Outdoor		Single-Source Destination		Fixed		P2MP		Rural		 		 		CBRS/3GPP/BS to C-Band/3GPP/BS						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		3GPP		LTE		 		Digital		20 MHz		UE		CPE		Directional		High-Gain Static		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Digital		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Co-located		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Indoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Fast		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Slow		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Urban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Suburban		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

		CBRS		Upper		Non-3GPP		 		Contention		Analog		20 MHz		UE		CPE		Directional		Low-Gain/High-Gain, Static/Dynamic		 		C-Band		Lower		3GPP		NR		 		Digital		50 MHz		UE		Smartphone		Omni		Low-Gain		 		 		Separated		Outdoor		Single-Source Destination		Mobile		P2MP Nomadic		Rural		 		 		CBRS/Non-3GPP/UE to C-Band/3GPP/UE						1				 

																																																																										4				 







Priority Use Case Pivot

		Count of Priority		Column Labels

				Co-located						Co-located Total		Separated						Separated Total		Grand Total

		Parent Use Case		Rural		Suburban		Urban				Rural		Suburban		Urban

		C-Band/3GPP/BS to CBRS/3GPP/BS		4		4		4		12		4		4		4		12		24

		C-Band/3GPP/BS to CBRS/Non-3GPP/BS		8		8		8		24		8		8		8		24		48

		CBRS/3GPP/BS to C-Band/3GPP/BS		4		4		4		12		4		4		4		12		24

		CBRS/3GPP/UE to C-Band/3GPP/UE		6		6		6		18		6		6		6		18		36

		CBRS/Non-3GPP/UE to C-Band/3GPP/UE		12		12		12		36		12		12		12		36		72

		Grand Total		34		34		34		102		34		34		34		102		204





PT
File Attachment
C-Band - CBRS Band Co-existence Use Case Matrix_1.3.xlsx
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Definitions and Parent Use Case Pivot tabs where 5 Priority 1 Parent Use Case Scenarios were
identified.

At this point, the next level of analyzing the number of Use Case Parameter Combinations was
performed on the 5 Priority 1 Parent Use Case Scenarios on the lower portion of the Parent Use
Case Scenarios tab. As can be seen, when expanding the sub-category parameters, the
additional combinations skyrocket to 100s of thousands until the total number possible
“Unfiltered” Priority 1 Use Case combinations was quantified as 1,216,512. Clearly, some
intelligent filtering needed to be done to make this a more manageable number.

In order to reduce the number of Priority 1 Use Case Combinations, each Use Case Parameter
was looked at and determined if could be fixed or limited to the most relevant and applicable
setting. This determination was made based on guidance and feedback from the TWG4 group
but ultimately was the decision made by the author of the analysis worksheet. The rows
highlighted in yellow in the lower portion of the Parent Use Case Scenarios tab highlight the
filtering decisions made for each Use Case Parameter, resulting in a significant reduction down
to only 204 Priority Use Case combinations.

The 204 Priority Use Case combinations were explicitly tabulated in the Priority Use Cases tab
so they could be analyzed in the compiled Priority Use Case Pivot tab. At this point, the TWG4
Team agreed that the reduction of C-Band / CBRS Band Co-existence Use Case Scenarios down
to a manageable and practical number had been achieved.

Based on the list of 204 Priority Use Cases and the preliminary Analysis Factors summarized in
the Use Case Parameters tab, the TWG4 Team moved onto the detailed interference simulation
analysis. The analyses in this report, shows interference analysis between 3GPP base stations
in the CBRS and C-Bands
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7. Appendix C: Technical Details of SoW Item 3 - Quantifying the
impacts of the areas of concern

Most of TWG4’s work to quantify interference performance impacts focused on examining the
effect of varying degrees of TDD Synchronization between the networks under study. The
TWG4 concluded that the absence of synchronization could mutually degrade the performance
of both CBRS and C-Band networks to varying degrees.

In the absence of information on the characteristics of commercial C-Band equipment, TWG4
opted for providing a range of specifications to help provide some sensitivity analysis on how a
change in specification values might have varying degrees of impact to co-existence
performance.

In order to achieve synchronized operation, the following needs to be implemented on all Base
Stations (BSs) that may interfere with each other:
e Common reference phase clock: For the start of frame.
e Configuring compatible frame structures: Length of frame, TDD ratio in order to align
uplink/downlink switching points.

In case two TDD networks are unsynchronized and in adjacent bands, there are four possible
scenarios of interference:

e BSto BSinterference: BS downlink to BS uplink

e UE to UE interference: UE uplink to UE downlink

e BSto UE interference: BS downlink to UE downlink
e UE to BSinterference: UE uplink to BS uplink

The TWG4 static analysis reports on BS to BS interference.

Synchronized Semi-Synchronized Unsynchronized
Ceo o [ o] s [ Lo o [ s Moo S S |
A

a BTS DL- UEDL BTS DL- BTS UL

Aggressor Victim Aggressor Victim
Interferenc
A | I A
UE UL- BTS UL UE UL- UE DL
Aggressor Victim Aggressor Victim
. Interfeyance
99 YA
2020 Nokia NOKIA
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The most critical scenario in case of unsynchronized networks is BS to BS interference and UE to
UE interference. The interference impact was quantified by doing static and dynamic
simulations and the following sections will cover the methodology and results from the models.

a. Static Model:

In the static model, BS to BS interference was analyzed as it is relatively static and affects a
large number of users. As the model is static, the analysis was done to calculate the isolation
requirements using path loss assumptions. The isolation requirements were calculated by
considering the BS output power, ACLR, ACS, and ACIR which were calculated to values used as
per 3GPP specifications. The isolation value was calculated to consider the impact of both
transmitter and receiver and factor dominated was used in the calculations. There was
additional isolation factor added to the final values to compensate for the power control and
beamforming.

Different propagation models were used to quantify the isolation requirements in different
propagation environments. The models used in the static analysis are

e Winner 2 Urban nlLos

e  Winner 2 Sub-Urban nlLos
e  Winner 2 rural nLos

e  Winner 2 Urban Los

e Winner 2 Sub-Urban Los
e  Winner 2 rural Los

e Cost 231 Urban

e Cost 231 Sub-Urban
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The analysis was done to calculate the impact of C-band on CBRS and also CBRS on C-band
when the two network with be un-synchronized. The isolation requirement calculated in the
analysis is based on 3GPP spec values and FCC operational limits, the isolation values can
further be impacted by the antenna characteristics, antenna orientations, additional filtering on
the BS side and that is why in the analysis the range was calculated to see the impact of
different values on the isolation requirements.

Base station and user terminal parameters and isolation analysis for the C-band and CBRS TDD
system simulated are shown in the following table:

Case 1 Macro C-band to Macro CBRS Case 2 Macro CBRS to Macro C-Band

Interference - Source (TX) Interfered - Destination (RX) Interference - Source (TX) Interfered - Destination (RX)
Technolgy C-band CBRS CBRS CBRS C-band C-band C-band
Air Inerface NR LTE LTE LTE LTE NR NR NR
Ghz Centre Frequency 3.75 3.69 3.67 3.65 3.69 3.71 3.75 3.8
m BS Height 30 30 30 30 30 30 30 30
m UE Height 15 15 1.5 15 15 1.5 1.5 15
MHz Bandwidth 20 20 20 20 20 20 20 20
dBm/MHz ~ |BS PSD 62 37 37 37 37 62 62 62
dBm TXEIRP 75 50 50 50 50 75 75 75
dBm /Mhz  [OOBE -13 -13 -13 -13 -13 -25 -25 -40
dBi Antenna Gain 24 11 11 11 24 24 24 24
dB Noise Figure 6 6 6 6 6 6 6 6
dBm Noise Floor -94.82 -94.82 -94.82 -94.82 -94.82 -94.82 -94.82 -94.82
dBm 3GPP P_REFSENSE -96.5 -96.5 -96.5 -96.5 -96.5 -96.5 -96.5 -96.5
dBm P_REFSENSE_Wanted Signal -90.50 -90.50 -90.50 -90.50 -90.50 -90.50 -90.50 -90.50
dBm 3GPP Blocking -38 -38 -38 -38 -38 -38
dB ACLR 51 51 51 38 38 53
dB ACS 53 53 53 53 53 53
dB ACIR 49 49 49 38 38 50
Equivalent channel power 26 26 26 12 12 0
dBm Interference Threshold -108 -108 -108 -121 -121 -121
dB Required Isolation 134 134 134 133 133 121
dB Beamforming adjustment 20 20 20 20 20 20
dB Power reduction adjustment 0 0 0 0 0 0
dB Adjusted Isolation 114 114 114 113 113 101
m Winner 2 Urban nlLos 124 125 125 115 114 52
m Cost 231 Urban 95 9% 96 88 87 39
m Winner 2 Sub-Urban nLos 151 152 153 140 139 63
m Cost 231 Sub-Urban 430 432 435 396 392 178
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Summary of analysis of BS-BS interference:

This section discusses the analysis summary and the following attached simulation spreadsheet
includes the detailed model used for the analysis:

Simulation
Aarameters_HevlB

The chart below shows an example for one of the use case of C-band to CBRS impact in non-line
of sight urban environment. In this case, the isolation ranges with beamforming, power
adjustment as well as without the adjustment are shown.

1800 = o =t mm s e e = e s ===

1600 Urban nlLos

1400

Urban
nLos_A

H
1=
=}
5}

1000

Isolation distance (m)

I
30 31 32 33 34.35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

................... ACIR

Figure 2 Deterministic analysis- worst case C-Band base station to CBRS base station interference

As seen in the chart above the isolation distance with beamforming/power adjustment will
range from 250m to 100m for the ACIR values of 35-45 dB.
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Static Calculations_Variable



										Case 1 Macro C-band to Macro CBRS								Case 2 Macro CBRS to Macro C-Band

										Interference - Source (TX)		Interfered - Destination (RX)						Interference - Source (TX)		Interfered - Destination (RX)

								Technolgy		C-band		CBRS		CBRS		CBRS		CBRS		C-band		C-band		C-band

								Air Inerface		NR		LTE		LTE		LTE		LTE		NR		NR		NR

						Ghz		Centre Frequency		3.75		3.69		3.67		3.65		3.69		3.71		3.75		3.8

						m		BS Height		30		30		30		30		30		30		30		30

						m		UE Height		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

						MHz		Bandwidth		20		20		20		20		20		20		20		20

						dBm/MHz		BS PSD		62		37		37		37		37		62		62		62

						dBm		TX EIRP		75		50		50		50		50		75		75		75

						dBm / Mhz		OOBE		-13		-13		-13		-13		-13		-25		-25		-40

						dBi		Antenna Gain		24		11		11		11		24		24		24		24

						dB		Noise Figure		6		6		6		6		6		6		6		6

						dBm		Noise Floor		-94.82		-94.82		-94.82		-94.82		-94.82		-94.82		-94.82		-94.82

						dBm		3GPP P_REFSENSE		-96.5		-96.5		-96.5		-96.5		-96.5		-96.5		-96.5		-96.5

				3GPP P_REFSENSE		dBm		P_REFSENSE_Wanted Signal		-90.50		-90.50		-90.50		-90.50		-90.50		-90.50		-90.50		-90.50		Includes 6dB signal degradation



						dBm		3GPP Blocking				-38		-38		-38				-38		-38		-38

						dB		ACLR				51		51		51				38		38		53		Verify ACLR bandwidth requirements

						dB		ACS				53		53		53				53		53		53

						dB		ACIR				49		49		49				38		38		50

								Equivalent channel power				26		26		26				12		12		0



						dBm		Interference Threshold				-108		-108		-108				-121		-121		-121		Includes 6dB I/N

						dB		Required Isolation				134		134		134				133		133		121

						dB		Beamforming adjustment				20		20		20				20		20		20

						dB		Power reduction adjustment				0		0		0				0		0		0

						dB		Adjusted Isolation				114		114		114				113		113		101





								Isolation Distance

						m		Winner 2 Urban nLos				124		125		125				115		114		52

						m		Cost 231 Urban				95		96		96				88		87		39

						m		Winner 2 Sub-Urban nLos				151		152		153				140		139		63

						m		Cost 231 Sub-Urban				430		432		435				396		392		178





						m		Winner 2 Urban nLos				124		125		125				115		114		52

						m		Winner 2 Sub-Urban nLos				151		152		153				140		139		63

						m		Winner 2 Rural nLos				1113		1113		1112				1007		1008		367

						m		Winner 2 Urban Los				862		862		863				805		804		405

						m		Winner 2 Sub-Urban Los				1725		1726		1726				1611		1610		811

						m		Winner 2 Rural Los

						m		Cost 231 Urban				95		96		96				88		87		39

						m		Cost 231 Sub-Urban				430		432		435				396		392		178





		Scenario Table

								C-band to CBRS														C-band to CBRS																								CBRS to C band														CBRS to C band

				Isolation		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los						ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los				ACIR		Isolation										Isolation		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los						ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los

				114		124		151		862		1725						49		124		151		862		1725				49		114										113		115		140		805		1611						38		115		140		805		1611

				70		7		9		69		138						30		421.9209546931		513.3318708196		2525.0957179728		5053.5109680384				30		133										70		7		9		69		138						30		192		233		1265		2531

				74		9		11		87		174						31		395.2228545558		480.849517103		2383.8440762152		4770.8219928069				31		132										74		9		11		87		174						31		180		219		1194		2390

				78		12		15		110		219						32		370.2141432555		450.4225652871		2250.4939275207		4503.9463911334				32		131										78		12		15		109		219						32		168		205		1127		2256

				82		16		19		138		276						33		346.7879205023		421.9209546931		2124.6032692914		4251.9995767582				33		130										82		15		19		138		276						33		158		192		1064		2130

				86		20		25		174		347						34		324.8440503888		395.2228545558		2005.7548241672		4014.1464464018				34		129										86		20		24		173		347						34		148		180		1004		2011

				90		26		32		219		437						35		304.2887333565		370.2141432555		1893.554656918		3789.5986117301				35		128										90		26		32		218		437						35		138		168		948		1898

				94		34		41		275		551						36		285.034105248		346.7879205023		1787.6308687053		3577.6117861618				36		127										94		34		41		275		550						36		130		158		895		1792

				98		44		54		346		693						37		266.9978617294		324.8440503888		1687.6323643857		3377.4833178548				37		126										98		44		54		346		693						37		121		148		845		1692

				102		57		70		436		873						38		250.1029064787		304.2887333565		1593.2276887704		3188.5498606951				38		125										102		57		70		436		872						38		114		138		798		1597

				106		75		91		549		1099						39		234.2770216358		285.034105248		1504.1039279836		3010.1851755691				39		124										106		74		90		548		1098						39		107		130		753		1508

				110		97		118		691		1383						40		219.4525591057		266.9978617294		1419.9656722773		2841.7980546307				40		123										110		97		117		691		1382						40		100		121		711		1424

				114		126		153		870		1741						41		205.5661513954		250.1029064787		1340.534036866		2682.8303616823				41		122										114		125		153		869		1740						41		93		114		671		1344

				118		163		199		1095		2192						42		192.5584407479		234.2770216358		1265.5457375349		2532.7551821762				42		121										118		163		198		1094		2191						42		88		107		634		1269

				122		212		258		1379		2760						43		180.3738254161		219.4525591057		1194.7522179571		2391.075076703				43		120										122		212		257		1378		2758						43		82		100		598		1198

				126		276		335		1736		3474						44		168.9602219922		205.5661513954		1127.9188258291		2257.3204321777				44		119										126		275		334		1734		3472						44		77		93		565		1131

				130		358		436		2185		4374						45		158.2688427758		192.5584407479		1064.8240350916		2131.0479052598				45		118										130		357		434		2184		4371						45		72		88		533		1068

				134		465		566		2751		5506						46		148.2539872299		180.3738254161		1005.2587116589		2011.8389528468				46		117										134		463		564		2749		5503						46		67		82		503		1008

				138		604		735		3464		6932						47		138.8728466329		168.9602219922		949.0254202228		1899.2984447707				47		116										138		602		732		3461		6928						47		63		77		475		951

				142		785		955		4360		8726						48		130.0853210916		158.2688427758		895.9377698331		1793.0533540988				48		115										142		782		951		4357		8722						48		59		72		449		898

				146		1019		1240		5489		10986						49		121.8538481338		148.2539872299		845.8197960863		1692.7515206979				49		114										146		1015		1235		5485		10980						49		55		67		424		848

				150		1324		1610		6911		13830						50		114.1432421461		138.8728466329		798.5053778732		1598.0604839644				50		113										150		1319		1605		6905		13823						50		52		63		400		801

				154		1719		2092		8700		17411						51		106.9205439727		130.0853210916		753.837686754		1508.6663808493				51		112										154		1713		2084		8693		17403						51		49		59		378		756

				158		2233		2717		10953		21920						52		100.1548800303		121.8538481338		711.6686671343		1424.2729055277				52		111										158		2225		2707		10944		21909						52		46		55		356		713

				162		2900		3528		13789		27595						53		93.8173303387		114.1432421461		671.8585455201		1344.6003272628				53		110										162		2890		3516		13777		27581						53		43		52		336		674

																		54		87.8808049016		106.9205439727		634.2753672239		1269.38456321				54		109																								54		40		49		318		636

																		55		82.3199279095		100.1548800303		598.794558988		1198.3763030879				55		108																								55		37		46		300		600

																		56		77.1109292709		93.8173303387		565.2985160734		1131.3401828135				56		107																								56		35		43		283		567

																		57		72.2315430056		87.8808049016		533.6762124474		1068.0540043644				57		106																								57		33		40		267		535

																		58		67.6609120692		82.3199279095		503.822832776		1008.3079992809				58		105																								58		31		37		252		505

																		59		63.3794991986		77.1109292709		475.6394250034		951.9041333672				59		104																								59		29		35		238		477

																		60		59.3690033997		72.2315430056		449.0325723648		898.6554502869				60		103																								60		27		33		225		450

																		61		55.6122817196		67.6609120692		423.9140837477		848.3854518769				61		102																								61		25		31		212		425

																		62		52.0932759681		63.3794991986		400.2007013728		800.9275131272				62		101																								62		24		29		200		401

																		63		48.7969440775		59.3690033997		377.8138248282		756.1243298843				63		100																								63		22		27		189		379

																		64		45.7091958041		55.6122817196		356.6792505403		713.8273974517				64		99																								64		21		25		179		358

																		65		42.8168324996		52.0932759681		336.7269258181		673.8965183552				65		98																								65		19		24		169		338









Scenarios

		Non Adjusted

						C-band to CBRS Isolation (m)												C-band to CBRS Isolation (m)												C-band to CBRS								CBRS to C band Isolation (m)												CBRS to C band Isolation (m)

				Isolation(dB)		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los				ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los						ACIR		Isolation(dB)				Isolation(dB)		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los				ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los

				70		7		9		69		138				30		1560		1897		7985		15981						30		153				70		7		9		69		138				30		709		863		3999		8005

				74		9		11		87		174				31		1461		1777		7538		15087						31		152				74		9		11		87		174				31		664		808		3775		7557

				78		12		15		110		219				32		1368		1665		7117		14243						32		151				78		12		15		109		219				32		622		757		3564		7135

				82		16		19		138		276				33		1282		1560		6719		13446						33		150				82		15		19		138		276				33		583		709		3365		6736

				86		20		25		174		347				34		1201		1461		6343		12694						34		149				86		20		24		173		347				34		546		664		3176		6359

				90		26		32		219		437				35		1125		1368		5988		11984						35		148				90		26		32		218		437				35		512		622		2999		6003

				94		34		41		275		551				36		1054		1282		5653		11313						36		147				94		34		41		275		550				36		479		583		2831		5667

				98		44		54		346		693				37		987		1201		5337		10681						37		146				98		44		54		346		693				37		449		546		2673		5350

				102		57		70		436		873				38		924		1125		5038		10083						38		145				102		57		70		436		872				38		420		512		2523		5051

				106		75		91		549		1099				39		866		1054		4756		9519						39		144				106		74		90		548		1098				39		394		479		2382		4768

				110		97		118		691		1383				40		811		987		4490		8987						40		143				110		97		117		691		1382				40		369		449		2249		4502

				114		126		153		870		1741				41		760		924		4239		8484						41		142				114		125		153		869		1740				41		346		420		2123		4250

				118		163		199		1095		2192				42		712		866		4002		8009						42		141				118		163		198		1094		2191				42		324		394		2004		4012

				122		212		258		1379		2760				43		667		811		3778		7561						43		140				122		212		257		1378		2758				43		303		369		1892		3788

				126		276		335		1736		3474				44		625		760		3567		7138						44		139				126		275		334		1734		3472				44		284		346		1786		3576

				130		358		436		2185		4374				45		585		712		3367		6739						45		138				130		357		434		2184		4371				45		266		324		1686		3376

				134		465		566		2751		5506				46		548		667		3179		6362						46		137				134		463		564		2749		5503				46		249		303		1592		3187

				138		604		735		3464		6932				47		513		625		3001		6006						47		136				138		602		732		3461		6928				47		233		284		1503		3009

				142		785		955		4360		8726				48		481		585		2833		5670						48		135				142		782		951		4357		8722				48		219		266		1419		2840

				146		1019		1240		5489		10986				49		450		548		2675		5353						49		134				146		1015		1235		5485		10980				49		205		249		1339		2681

				150		1324		1610		6911		13830				50		422		513		2525		5054						50		133				150		1319		1605		6905		13823				50		192		233		1265		2531

				154		1719		2092		8700		17411				51		395		481		2384		4771						51		132				154		1713		2084		8693		17403				51		180		219		1194		2390

				158		2233		2717		10953		21920				52		370		450		2250		4504						52		131				158		2225		2707		10944		21909				52		168		205		1127		2256

				162		2900		3528		13789		27595				53		347		422		2125		4252						53		130				162		2890		3516		13777		27581				53		158		192		1064		2130

																54		325		395		2006		4014						54		129																54		148		180		1004		2011

																55		304		370		1894		3790						55		128																55		138		168		948		1898

																56		285		347		1788		3578						56		127																56		130		158		895		1792

				103												57		267		325		1688		3377						57		126																57		121		148		845		1692

																58		250		304		1593		3189						58		125																58		114		138		798		1597

																59		234		285		1504		3010						59		124																59		107		130		753		1508

																60		219		267		1420		2842						60		123																60		100		121		711		1424

																61		206		250		1341		2683						61		122																61		93		114		671		1344

																62		193		234		1266		2533						62		121																62		88		107		634		1269

																63		180		219		1195		2391						63		120																63		82		100		598		1198

																64		169		206		1128		2257						64		119																64		77		93		565		1131

																65		158		193		1065		2131						65		118																65		72		88		533		1068

		Adjusted 25dB

						C-band to CBRS Isolation (m)														C-band to CBRS Isolation (m)																		CBRS to C band Isolation (m)												CBRS to C band Isolation (m)

				Isolation		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los						ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los				ACIR		Isolation (dB)				Isolation		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los				ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los

				70		7		9		69		138						30		304		370		1894		3790				30		128				70		7		9		69		138				30		138		168		948		1898

				74		9		11		87		174						31		285		347		1788		3578				31		127				74		9		11		87		174				31		130		158		895		1792

				78		12		15		110		219						32		267		325		1688		3377				32		126				78		12		15		109		219				32		121		148		845		1692

				82		16		19		138		276						33		250		304		1593		3189				33		125				82		15		19		138		276				33		114		138		798		1597

				86		20		25		174		347						34		234		285		1504		3010				34		124				86		20		24		173		347				34		107		130		753		1508

				90		26		32		219		437						35		219		267		1420		2842				35		123				90		26		32		218		437				35		100		121		711		1424

				94		34		41		275		551						36		206		250		1341		2683				36		122				94		34		41		275		550				36		93		114		671		1344

				98		44		54		346		693						37		193		234		1266		2533				37		121				98		44		54		346		693				37		88		107		634		1269

				102		57		70		436		873						38		180		219		1195		2391				38		120				102		57		70		436		872				38		82		100		598		1198

				106		75		91		549		1099						39		169		206		1128		2257				39		119				106		74		90		548		1098				39		77		93		565		1131

				110		97		118		691		1383						40		158		193		1065		2131				40		118				110		97		117		691		1382				40		72		88		533		1068

				114		126		153		870		1741						41		148		180		1005		2012				41		117				114		125		153		869		1740				41		67		82		503		1008

				118		163		199		1095		2192						42		139		169		949		1899				42		116				118		163		198		1094		2191				42		63		77		475		951

				122		212		258		1379		2760						43		130		158		896		1793				43		115				122		212		257		1378		2758				43		59		72		449		898

				126		276		335		1736		3474						44		122		148		846		1693				44		114				126		275		334		1734		3472				44		55		67		424		848

				130		358		436		2185		4374						45		114		139		799		1598				45		113				130		357		434		2184		4371				45		52		63		400		801

				134		465		566		2751		5506						46		107		130		754		1509				46		112				134		463		564		2749		5503				46		49		59		378		756

				138		604		735		3464		6932						47		100		122		712		1424				47		111				138		602		732		3461		6928				47		46		55		356		713

				142		785		955		4360		8726						48		94		114		672		1345				48		110				142		782		951		4357		8722				48		43		52		336		674

				146		1019		1240		5489		10986						49		88		107		634		1269				49		109				146		1015		1235		5485		10980				49		40		49		318		636

				150		1324		1610		6911		13830						50		82		100		599		1198				50		108				150		1319		1605		6905		13823				50		37		46		300		600

				154		1719		2092		8700		17411						51		77		94		565		1131				51		107				154		1713		2084		8693		17403				51		35		43		283		567

				158		2233		2717		10953		21920						52		72		88		534		1068				52		106				158		2225		2707		10944		21909				52		33		40		267		535

				162		2900		3528		13789		27595						53		68		82		504		1008				53		105				162		2890		3516		13777		27581				53		31		37		252		505

																		54		63		77		476		952				54		104																54		29		35		238		477

																		55		59		72		449		899				55		103																55		27		33		225		450

																		56		56		68		424		848				56		102																56		25		31		212		425

																		57		52		63		400		801				57		101																57		24		29		200		401

																		58		49		59		378		756				58		100																58		22		27		189		379

																		59		46		56		357		714				59		99																59		21		25		179		358

																		60		43		52		337		674				60		98																60		19		24		169		338

																		61		40		49		318		636				61		97																61		18		22		159		319

																		62		38		46		300		601				62		96																62		17		21		150		301

																		63		35		43		283		567				63		95																63		16		19		142		284

																		64		33		40		267		535				64		94																64		15		18		134		268

																		65		31		38		253		505				65		93																65		14		17		126		253



C-band to CBRS Isollation (dB) vs Distance(m)



Urban nLos	70	74	78	82	86	90	94	98	102	106	110	114	118	122	126	130	134	138	142	146	7	9	12	16	20	26	34	44	57	75	97	126	163	212	276	358	465	604	785	1019	Sub-Urban nLos	70	74	78	82	86	90	94	98	102	106	110	114	118	122	126	130	134	138	142	146	9	11	15	19	25	32	41	54	70	91	118	153	199	258	335	436	566	735	955	1240	Urban Los	70	74	78	82	86	90	94	98	102	106	110	114	118	122	126	130	134	138	142	146	69	87	110	138	174	219	275	346	436	549	691	870	1095	1379	1736	2185	2751	3464	4360	5489	Sub-Urban Los	70	74	78	82	86	90	94	98	102	106	110	114	118	122	126	130	134	138	142	146	138	174	219	276	347	437	551	693	873	1099	1383	1741	2192	2760	3474	4374	5506	6932	8726	10986	Isolation (dB)





Distance (m)









- C-BAND and CBRS sites can not be collocated or can be in near vicinty.
- It will be challenging in Urban areas to get the right geographical isolation



Charts_CBRS victim

								C-band to CBRS

								No Adjusment								25dB Adjusment																																						ACIR		Isolation		Isolation_A

						ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los		Urban nLos_A		Sub-Urban nLos_A		Urban Los_A		Sub-Urban Los_A																																30		155		130

						30		1560		1897		7985		15981		304		370		1894		3790																																31		154		129

						31		1461		1777		7538		15087		285		347		1788		3578																																32		153		128

						32		1368		1665		7117		14243		267		325		1688		3377																																33		152		127

						33		1282		1560		6719		13446		250		304		1593		3189																																34		151		126

						34		1201		1461		6343		12694		234		285		1504		3010																																35		150		125

						35		1125		1368		5988		11984		219		267		1420		2842																																36		149		124

						36		1054		1282		5653		11313		206		250		1341		2683																																37		148		123

						37		987		1201		5337		10681		193		234		1266		2533																																38		147		122

						38		924		1125		5038		10083		180		219		1195		2391																																39		146		121

						39		866		1054		4756		9519		169		206		1128		2257																																40		145		120

						40		811		987		4490		8987		158		193		1065		2131																																41		144		119

						41		760		924		4239		8484		148		180		1005		2012																																42		143		118

						42		712		866		4002		8009		139		169		949		1899																																43		142		117

						43		667		811		3778		7561		130		158		896		1793																																44		141		116

						44		625		760		3567		7138		122		148		846		1693																																45		140		115

						45		585		712		3367		6739		114		139		799		1598																																46		139		114

						46		548		667		3179		6362		107		130		754		1509																																47		138		113

						47		513		625		3001		6006		100		122		712		1424																																48		137		112

						48		481		585		2833		5670		94		114		672		1345																																49		136		111

						49		450		548		2675		5353		88		107		634		1269																																50		135		110

						50		422		513		2525		5054		82		100		599		1198																																51		134		109

						51		395		481		2384		4771		77		94		565		1131																																52		133		108

						52		370		450		2250		4504		72		88		534		1068																																53		132		107

						53		347		422		2125		4252		68		82		504		1008																																54		131		106

						54		325		395		2006		4014		63		77		476		952																																55		130		105

						55		304		370		1894		3790		59		72		449		899																																56		129		104

						56		285		347		1788		3578		56		68		424		848																																57		128		103

						57		267		325		1688		3377		52		63		400		801																																58		127		102

						58		250		304		1593		3189		49		59		378		756																																59		126		101

						59		234		285		1504		3010		46		56		357		714																																60		125		100

						60		219		267		1420		2842		43		52		337		674																																61		124		99

						61		206		250		1341		2683		40		49		318		636																																62		123		98

						62		193		234		1266		2533		38		46		300		601																																63		122		97

						63		180		219		1195		2391		35		43		283		567																																64		121		96

						64		169		206		1128		2257		33		40		267		535																																65		120		95

						65		158		193		1065		2131		31		38		253		505



C-band to CBRS ACIR vs Isolation (m)

Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	304.28873340000001	285.0341052	266.99786169999999	250.10290649999999	234.27702160000001	219.4525591	205.5661514	192.55844070000001	180.37382539999999	168.96022199999999	158.26884279999999	148.25398720000001	138.8728466	130.08532109999999	121.85384809999999	114.14324209999999	106.92054400000001	100.15488000000001	93.817330339999998	87.880804900000001	82.319927910000004	77.11092927	72.231543009999996	67.660912069999995	63.379499199999998	59.369003399999997	55.612281719999999	52.093275970000001	48.796944080000003	45.709195800000003	42.816832499999997	40.107490689999999	37.569589239999999	35.192279829999997	32.965400600000002	30.87943271	Sub-Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	370.21414329999999	346.78792049999998	324.84405040000001	304.28873340000001	285.0341052	266.99786169999999	250.10290649999999	234.27702160000001	219.4525591	205.5661514	192.55844070000001	180.37382539999999	168.96022199999999	158.26884279999999	148.25398720000001	138.8728466	130.08532109999999	121.85384809999999	114.14324209999999	106.92054400000001	100.15488000000001	93.817330339999998	87.880804900000001	82.319927910000004	77.11092927	72.231543009999996	67.660912069999995	63.379499199999998	59.369003399999997	55.612281719999999	52.093275970000001	48.796944080000003	45.709195800000003	42.816832499999997	40.107490689999999	37.569589239999999	ACIR
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C-band to CBRS ACIR vs Isolation (m)
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C-band to CBRS ACIR vs Isolation (m)
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C-band to CBRS ACIR vs Isolation (m)
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C-band to CBRS ACIR vs Isolation (m)
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C-band to CBRS ACIR vs Isolation (m)
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Isolation distance (m)







C-band to CBRS ACIR vs Isolation (m)

Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	1559.595546	1460.90825	1368.465639	1281.872564	1200.7588820000001	1124.777871	1053.6047470000001	986.93528070000002	924.48449059999996	865.98542999999995	811.1880433	759.8580978	711.7761825	666.73677029999999	624.54733920000001	585.02754949999996	548.00847299999998	513.33187080000005	480.84951710000001	450.42256529999997	421.92095469999998	395.22285460000001	370.21414329999999	346.78792049999998	324.84405040000001	304.28873340000001	285.0341052	266.99786169999999	250.10290649999999	234.27702160000001	219.4525591	205.5661514	192.55844070000001	180.37382539999999	168.96022199999999	158.26884279999999	Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	304.28873340000001	285.0341052	266.99786169999999	250.10290649999999	234.27702160000001	219.4525591	205.5661514	192.55844070000001	180.37382539999999	168.96022199999999	158.26884279999999	148.25398720000001	138.8728466	130.08532109999999	121.85384809999999	114.14324209999999	106.92054400000001	100.15488000000001	93.817330339999998	87.880804900000001	82.319927910000004	77.11092927	72.231543009999996	67.660912069999995	63.379499199999998	59.369003399999997	55.612281719999999	52.093275970000001	48.796944080000003	45.709195800000003	42.816832499999997	40.107490689999999	37.569589239999999	35.192279829999997	32.965400600000002	30.87943271	ACIR



Isolation distance (m)







C-band to CBRS ACIR vs Isolation (m)

Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	7985.0537789999998	7538.3768680000003	7116.6866710000004	6718.5854550000004	6342.7536719999998	5987.9455900000003	5652.9851609999996	5336.7621239999999	5038.2283280000001	4756.3942500000003	4490.3257240000003	4239.1408369999999	4002.0070139999998	3778.1382480000002	3566.7925049999999	3367.2692579999998	3178.9071669999998	3001.0818850000001	2833.203994	2674.7170460000002	2525.095718	2383.8440759999999	2250.4939279999999	2124.6032690000002	2005.7548240000001	1893.5546569999999	1787.6308690000001	1687.6323640000001	1593.2276890000001	1504.103928	1419.965672	1340.5340369999999	1265.545738	1194.7522180000001	1127.9188260000001	1064.8240350000001	Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	1893.5546569999999	1787.6308690000001	1687.6323640000001	1593.2276890000001	1504.103928	1419.965672	1340.5340369999999	1265.545738	1194.7522180000001	1127.9188260000001	1064.8240350000001	1005.2587119999999	949.02542019999999	895.93776979999996	845.81979609999996	798.50537789999998	753.83768680000003	711.66866709999999	671.85854549999999	634.27536720000001	598.79455900000005	565.29851610000003	533.67621240000005	503.82283280000001	475.63942500000002	449.03257239999999	423.91408369999999	400.20070140000001	377.81382480000002	356.67925050000002	336.7269258	317.89071669999998	300.10818849999998	283.32039939999999	267.47170460000001	252.5095718	ACIR



Isolation distance (m)







3GPP 36.942



Charts C-band victim

								CBRS - Cband

								No Adjusment								25dB Adjusment																																						ACIR		Isolation		Isolation_A

						ACIR		Urban nLos		Sub-Urban nLos		Urban Los		Sub-Urban Los		Urban nLos_A		Sub-Urban nLos_A		Urban Los_A		Sub-Urban Los_A																																30		155		130

						30		709		863		3999		8005		138		168		948		1898																																31		154		129

						31		664		808		3775		7557		130		158		895		1792																																32		153		128

						32		622		757		3564		7135		121		148		845		1692																																33		152		127

						33		583		709		3365		6736		114		138		798		1597																																34		151		126

						34		546		664		3176		6359		107		130		753		1508																																35		150		125

						35		512		622		2999		6003		100		121		711		1424																																36		149		124

						36		479		583		2831		5667		93		114		671		1344																																37		148		123

						37		449		546		2673		5350		88		107		634		1269																																38		147		122

						38		420		512		2523		5051		82		100		598		1198																																39		146		121

						39		394		479		2382		4768		77		93		565		1131																																40		145		120

						40		369		449		2249		4502		72		88		533		1068																																41		144		119

						41		346		420		2123		4250		67		82		503		1008																																42		143		118

						42		324		394		2004		4012		63		77		475		951																																43		142		117

						43		303		369		1892		3788		59		72		449		898																																44		141		116

						44		284		346		1786		3576		55		67		424		848																																45		140		115

						45		266		324		1686		3376		52		63		400		801																																46		139		114

						46		249		303		1592		3187		49		59		378		756																																47		138		113

						47		233		284		1503		3009		46		55		356		713																																48		137		112

						48		219		266		1419		2840		43		52		336		674																																49		136		111

						49		205		249		1339		2681		40		49		318		636																																50		135		110

						50		192		233		1265		2531		37		46		300		600																																51		134		109

						51		180		219		1194		2390		35		43		283		567																																52		133		108

						52		168		205		1127		2256		33		40		267		535																																53		132		107

						53		158		192		1064		2130		31		37		252		505																																54		131		106

						54		148		180		1004		2011		29		35		238		477																																55		130		105

						55		138		168		948		1898		27		33		225		450																																56		129		104

						56		130		158		895		1792		25		31		212		425																																57		128		103

						57		121		148		845		1692		24		29		200		401																																58		127		102

						58		114		138		798		1597		22		27		189		379																																59		126		101

						59		107		130		753		1508		21		25		179		358																																60		125		100

						60		100		121		711		1424		19		24		169		338																																61		124		99

						61		93		114		671		1344		18		22		159		319																																62		123		98

						62		88		107		634		1269		17		21		150		301																																63		122		97

						63		82		100		598		1198		16		19		142		284																																64		121		96

						64		77		93		565		1131		15		18		134		268																																65		120		95

						65		72		88		533		1068		14		17		126		253



CBRS to C-band ACIR vs Isolation (m)

Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	709	664	622	583	546	512	479	449	420	394	369	346	324	303	284	266	249	233	219	205	192	180	168	158	148	138	130	121	114	107	100	93	88	82	77	72	Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	3999	3775	3564	3365	3176	2999	2831	2673	2523	2382	2249	2123	2004	1892	1786	1686	1592	1503	1419	1339	1265	1194	1127	1064	1004	948	895	845	798	753	711	671	634	598	565	533	Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	138	130	121	114	107	100	93	88	82	77	72	67	63	59	55	52	49	46	43	40	37	35	33	31	29	27	25	24	22	21	19	18	17	16	15	14	Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	948	895	845	798	753	711	671	634	598	565	533	503	475	449	424	400	378	356	336	318	300	283	267	252	238	225	212	200	189	179	169	159	150	142	134	126	ACIR



Isolation distance (m)







CBRS to C-band ACIR ACIR vs Isolation (m)

Sub-Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	863	808	757	709	664	622	583	546	512	479	449	420	394	369	346	324	303	284	266	249	233	219	205	192	180	168	158	148	138	130	121	114	107	100	93	88	Sub-Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	8005	7557	7135	6736	6359	6003	5667	5350	5051	4768	4502	4250	4012	3788	3576	3376	3187	3009	2840	2681	2531	2390	2256	2130	2011	1898	1792	1692	1597	1508	1424	1344	1269	1198	1131	1068	Sub-Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	168	158	148	138	130	121	114	107	100	93	88	82	77	72	67	63	59	55	52	49	46	43	40	37	35	33	31	29	27	25	24	22	21	19	18	17	Sub-Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	1898	1792	1692	1597	1508	1424	1344	1269	1198	1131	1068	1008	951	898	848	801	756	713	674	636	600	567	535	505	477	450	425	401	379	358	338	319	301	284	268	253	ACIR



Isolation distance (m)







CBRS to C-band ACIR ACIR vs Isolation (m)

Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	709	664	622	583	546	512	479	449	420	394	369	346	324	303	284	266	249	233	219	205	192	180	168	158	148	138	130	121	114	107	100	93	88	82	77	72	Sub-Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	863	808	757	709	664	622	583	546	512	479	449	420	394	369	346	324	303	284	266	249	233	219	205	192	180	168	158	148	138	130	121	114	107	100	93	88	Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	3999	3775	3564	3365	3176	2999	2831	2673	2523	2382	2249	2123	2004	1892	1786	1686	1592	1503	1419	1339	1265	1194	1127	1064	1004	948	895	845	798	753	711	671	634	598	565	533	Sub-Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	8005	7557	7135	6736	6359	6003	5667	5350	5051	4768	4502	4250	4012	3788	3576	3376	3187	3009	2840	2681	2531	2390	2256	2130	2011	1898	1792	1692	1597	1508	1424	1344	1269	1198	1131	1068	ACIR



Isolation distance (m)







CBRS to C-band ACIR ACIR vs Isolation (m)

Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	138	130	121	114	107	100	93	88	82	77	72	67	63	59	55	52	49	46	43	40	37	35	33	31	29	27	25	24	22	21	19	18	17	16	15	14	Sub-Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	168	158	148	138	130	121	114	107	100	93	88	82	77	72	67	63	59	55	52	49	46	43	40	37	35	33	31	29	27	25	24	22	21	19	18	17	Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	948	895	845	798	753	711	671	634	598	565	533	503	475	449	424	400	378	356	336	318	300	283	267	252	238	225	212	200	189	179	169	159	150	142	134	126	Sub-Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	1898	1792	1692	1597	1508	1424	1344	1269	1198	1131	1068	1008	951	898	848	801	756	713	674	636	600	567	535	505	477	450	425	401	379	358	338	319	301	284	268	253	ACIR



Isolation distance (m)







CBRS to C-band ACIR ACIR vs Isolation (m)

Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	709	664	622	583	546	512	479	449	420	394	369	346	324	303	284	266	249	233	219	205	192	180	168	158	148	138	130	121	114	107	100	93	88	82	77	72	Sub-Urban nLos	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	863	808	757	709	664	622	583	546	512	479	449	420	394	369	346	324	303	284	266	249	233	219	205	192	180	168	158	148	138	130	121	114	107	100	93	88	Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	3999	3775	3564	3365	3176	2999	2831	2673	2523	2382	2249	2123	2004	1892	1786	1686	1592	1503	1419	1339	1265	1194	1127	1064	1004	948	895	845	798	753	711	671	634	598	565	533	Sub-Urban Los	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	8005	7557	7135	6736	6359	6003	5667	5350	5051	4768	4502	4250	4012	3788	3576	3376	3187	3009	2840	2681	2531	2390	2256	2130	2011	1898	1792	1692	1597	1508	1424	1344	1269	1198	1131	1068	Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	138	130	121	114	107	100	93	88	82	77	72	67	63	59	55	52	49	46	43	40	37	35	33	31	29	27	25	24	22	21	19	18	17	16	15	14	Sub-Urban nLos_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	168	158	148	138	130	121	114	107	100	93	88	82	77	72	67	63	59	55	52	49	46	43	40	37	35	33	31	29	27	25	24	22	21	19	18	17	Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	948	895	845	798	753	711	671	634	598	565	533	503	475	449	424	400	378	356	336	318	300	283	267	252	238	225	212	200	189	179	169	159	150	142	134	126	Sub-Urban Los_A	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	1898	1792	1692	1597	1508	1424	1344	1269	1198	1131	1068	1008	951	898	848	801	756	713	674	636	600	567	535	505	477	450	425	401	379	358	338	319	301	284	268	253	ACIR
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CBRS to C-band ACIR vs Isolation (m)
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CBRS to C-band ACIR vs Isolation (m)
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Static Calculations



										Case 1 Macro C-band to Macro CBRS				Case2 Macro C-CBRSto Macro C-Band

										Interference - Source (TX)		Interfered - Destination (RX)		Interference - Source (TX)		Interfered - Destination (RX)

								Technolgy		C-Band		CBRS		CBRS		C-band

								Air Inerface		NR		LTE		LTE		NR

						Ghz		Frequency		3.7		3.68		3.66		3.7

						m		BS Height		30		30		30		30

						m		UE Height		3		3		3		3

						MHz		Bandwidth		100		20		40		100

						dBm/MHz		BS PSD		62		37		37		62

						dBm		TX EIRP		82		50		53		82

						dBm / Mhz		OOBE		-13		-25		-13		-13

						dBi		Antenna Gain		24		11		11		24

						dBm		Sensitvity		-91.05		-98.04		-95.03		-91.05



						dBm		3GPP Blocking				-38				-38

						dB		ACLR				51				39

						dB		ACS				60				53

						dB		ACIR				50				39

						dBm		Equivalent channel power				32				14

						dBm		Interference Threshold				-109				-115



						dB		Required Isolation		141				129

						dB		Beamforming adjustment		0				0

						dB		Power reduction adjustment		0				0

								Adjusted Isolation		141				129



						m		Isolation distance Urban nLos		715				340

						m		Isolation distance Sub-Urban nLos		870				414

						m		Isolation distance Rural nLos

						m		Isolation distance Urban Los		6518				3396

						m		Isolation distance Sub-Urban Los		10631				5540

						m		Isolation distance Rural Los
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Input Tables

		General																Tables

						Technolgy		C-band (Mhz)		CBRS (MHz)		Air - Interface		Bandwidth		BS		UE		Antenna		Antenna Gain (Omni and Directional) dBi		PREFSENS (dBm)		Beamforming/ Tilt Adjustment (dB)		Proximity		BS Height (m)		UE/CPE Height (m)		BS PSD (dBm/MHz)		UE / CPE Max EIRP		UE CPE Average power		OOBE Range (-dBm/MHz)		3GPP Blocking range (dBm)

						C-band		3700-3800		3650-3700		LTE		5		Macro		Smartphone		Directional		3		-101.8		0		Co-located		10		1.5		37		23		-14		-13

						CBRS		3880-3980		3550-3650		NR		10		Small cell		CPE		Omni		5		-98		2		Separated		20		3		40		26		-10		-25		-15

						WIMAX						WIMAX		15		Pico						6		-96.5		5				30		5		47		30		-6		-40		-30

						IEEE 802.16e						Cambium		20								7		-95		7				40		10		62		33		-2				-35

						IEEE 802.11								40								8		-93.5		10				50				65		36		2				-38

						Cambium								50								9		-91		13				60						40		6				-40

														60								11				16										43		10				-43

														80								16				20										47		14				-45

														100								20				22												18				-47

																						24				25												22				-50

																						26				28												26				-52

																										30												30				-54

																										33												34

																										36												38



		Propagation Model

						Frequency (GHz)		Model		Location		Mobility						Macro Urban		Macro Sub-urban		Macro Rural		Small Cell Urban		Small cell Sub -urban		IEEE Macro		WIMAX Macro						3GPP BS Noise figure		3GPP UE Noise figure		Non-3GPP BS Noise Figure		Non-3GPP CPE Noise figure

						3.55		Winner 2 Urban nLos		Indoor		Fixed				Indoor Usage		80%		70%		50%		10%		0%		100%		100%						3		6		6		6		dB

						3.56		Winner 2 Sub-Urban nLos		Outdoor		Mobile				Indoor Penetration losses		20		18		14		20		18		14		14		dB				4

						3.58		Winner 2 Rural nLos								Body loss		4		4		4		4		4		 				dB				5

						3.6		Winner 2 Urban Los								CPE Max Power		47		47		47		47		47						dBm				6

						3.62		Winner 2 Sub-Urban Los								UE Max power		23		23		23										dBm				7

						3.64		Winner 2 Rural Los								Average CPE Power		-6														dBm				8

						3.65		Cost 231 Urban								Average UE Power																dBm				9

						3.67		Cost 231 Sub-Urban								BS PSD		62		62		65		37		37						dBm/MHz				10

						3.68										Bandwidth		40		100		100		10		10						MHz

						3.69										BS EIRP		78.0205999133		82		85		47		47						dBm

						3.7										BS RFSENS		-95.03		-91.05		-91.05		-101.05		-101.05						dBm

						3.71										UE RFSENS		-91.81		-87.83		-87.83		-97.83		-97.83						dBm

						3.72

						3.75

						3.78

						3.8

						3.9

						3.94

						3.98

		OOBE

				3GPP BS C-band 				3GPP BS CBRS OOB				3GPP BS CBRS In-band				Non-3GPP BS CBRS 

				Bandwidth (MHz)		OOBE (dBm/MHz)		Bandwidth (MHz)		OOBE (dBm/MHz)		Bandwidth (MHz)		OOBE (dBm/MHz)		Bandwidth (MHz)		OOBE (dBm/MHz)

				0-10		-13		0-10		-13		0-10		-13

				10		-13		10		-25		10		-25

				20		-13		20		-40		20		-25

				40		-13		40				40		-25



				3GPP UE C-band 				3GPP UE CBRS OOB				3GPP UE CBRS In-band				Non-3GPP CPE CBRS 

				Bandwidth (MHz)		OOBE (dBm/MHz)		Bandwidth (MHz)		OOBE (dBm/MHz)		Bandwidth (MHz)		OOBE (dBm/MHz)		Bandwidth (MHz)		OOBE (dBm/MHz)

				0-10		-13		0-10		-13		0-10		-13

				10		-13		10		-25		10		-13

				20		-13		20		-40		20		-13

				40		-13		40				40		-25

		Blocking

		BS Out of band		band		bandwidth		Wide area 3GPP(dBm)		Medium area BS (dBm)		3GPP Local BS  (dBm)		Non 3GPP BS				UE/CPE Out of band		band		bandwidth		3GPP UE		Non 3GPP CPE

				B48		(FUL_low -20) to (FUL_high +20)		-43		-38		-35								B48		(FUL_low -15 to -60) to (FUL_high +15 to +60)		-44

				B48		1
(FUL_high +20) to
to (FUL_low -20)
12750		-15		>5 MHz		-43								B48		(FUL_low -60 to -85) to (FUL_high +60 to +85)		-30

				N48		(FUL_low -20) to (FUL_high +20)														B48		(FUL_low -85 to -1) to (FUL_high +85 to +12750)		-15

				N48		1
(FUL_high +20) to
to (FUL_low -20)
12750														N48		(FUL_low -15 to -60) to (FUL_high +15 to +60)

				C-band		(FUL_low -20) to (FUL_high +20)														N48		(FUL_low -60 to -85) to (FUL_high +60 to +85)

				C-band		1
(FUL_high +20) to
to (FUL_low -20)
12750														N48		(FUL_low -85 to -1) to (FUL_high +85 to +12750)

																				C-Band

																				C-band

																				C-band





		BS In-band		Band		bandwidth		Wide area 3GPP(dBm)		Medium area BS (dBm)		3GPP Local BS  (dBm)		Non 3GPP BS				UE/CPE In-band		Band		bandwidth		3GPP UE		Non-3GPP CPE

				B48		5				-47										B48		5

				B48		10				-38										B48		10

				B48		40				-38										B48		40

				N48		5														N48		5

				N48		10														N48		10

				N48		40														N48		40

				C-band		5														C-band		5

				C-band		10														C-band		10

				C-band		40														C-band		40

				C-band		100														C-band		100
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Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

Key Results Summary:

The primary area of concern was the BS-BS interference, and the findings from the
deterministic analysis was that the interference threshold, characterized by an ACIR
target range, as published in the 3GPP specification’ was exceeded when the
unsynchronized adjacent networks base stations were nearby to each other.

The analysis found that a separation distance of 100 — 250 m would be required in order
to avoid exceeding the interference threshold, see chart below. This outcome (as seen as
“Urban NLos_A in the chart) is based upon the use of a 25 dB interference reduction to
account for beamforming efficiency

Caveats

There were comments from the group regarding the applicability of some aspects of the
analysis, including the following:

The 3GPP blocking spec used in our analysis is meant for the certification of equipment, and is
not related to network performance in the field. A capacity simulation is in order, calculating
throughput reductions.

The 6 dB interference spec is an equipment testing spec, and does not mean the receiver will get
desensitized. This is a corner case and the use of this value doesn’t indicate how frequently this
situation could occur. In contrast, a standardized 3GPP method that quantifies how often
unacceptable degradation would occur in a given scenario. Note that the 3GPP method assumes
a synchronized TDD.

Others commented that the current set of parameter values are suitable for worst-case.

There was discussion about the lack of realistic equipment specifications and the applicability of
using FCC limits for e.g. out of band emissions (OOBE) and maximum effective isotropic radiated
power (EIRP), since we expect that actual equipment will perform better than FCC limits and the
likely use of lower power in urban areas. The interference impacts due to unsynchronized
aspects are also applicable to within the CBRS band.

7 See 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; NR; Base Station
(BS) radio transmission and reception, 3GPP TS 38.104.
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationld=3202

Page 38 of 111



Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

b. Dynamic Model:
See Section 4. C. ii. for description of the Dynamic Simulation results.
The related presentation is attached below:

BE

Nokia
CBAND-CBRS_v6.7LC

c. Measurements in an unsynchronized TDD CBRS Network.

See Section 4. C. iii. for a description of the measurements in an unsynchronized TDD CBRS
Network.

The related presentation is attached below.

%) 8

Asymmetric CBRS
LTE TDD configuratic

d. Impact of relative levels of network loading on CBRS / C-Band networks that are
fully synchronized

See Section 4. C. iv. for a description of Impact of relative levels of network loading on CBRS / C-
Band networks that are fully synchronized.

The related presentation is attached below.

Bl

CBRS coexistence
analysis twg4 revE.p
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Agenda

Purpose: measure performance impact of asymmetric CBRS LTE
TDD configurations

« Asymmetric CBRS TDD configuration field measurement in
Indoor-Outdoor and Indoor to Indoor scenarios

« Test setup and configuration

* Results





Measurement Setup/Parameters

CBSDs are mounted at same height with
same orientation

One exterior wall between CBSDs
Aggressor UE at RSRP ~ -110 dBm
Victim UE at RSRP ~ -100 dBm

Victim Network Aggressor Network
TDD Config 0 TDD Config 0 or 2
CBSDy [«+-------- CBSD,
f P;,Rx P 1
PS,RXI [T |
1 |
1 |
I i
UEy UE,
UL traffic DL traffic or idle
SINR = —LSRX

P;px + Noise

Parameters Aggressor (indoor) | Victim (outdoor)
CBSD Max EIRP Cat-A 30 dBm Cat-A 30 dBm
CBSD Antenna Omni-directional | Omni-directional
Bandwidth (MHZz) 10 10
Center frequency (MHz) 3625 /3615 /3605 3635
TDD config Oor?2 0
T DD special subframe config 7 7

» Generate traffic through IPERF
— DL in aggressor network
— UL in victim network
* Throughput:
— Average of 5 trials
— 60 seconds for each trial

* Result:

— Comparison between same or different TDD
configs





Indoor-outdoor scenario (CBSD-CBSD interference)

H B B
3 2 1 5%
Aggressor
_Withjrs

‘ -

p—

-» ,_1

Aggressor
CBSD
position 3

|
Victim UE with
'RSRP -100 dBm

Aggressor
CBSD
position 2

|

Aggressor
CBSD
position 1

» Aggressor CBSD (indoor)
DL transmit at 30 dBm EIRP P, 1
* 3indoor positions
« 1.6 m above ground
» Aggressor UE
» At cell edge, so aggressor CBSD TX at max EIRP
» Victim CBSD
» Fixed outdoor position and TDD config 0
« 1.6 mabove ground
» Victim UE
At cell edge, weak UL signal arrive at victim CBSD Pg py

Victim Network Aggressor Network
TDD Config 0 TDD Config 0 or 2
Victim CBSD CBSD
CBSD : VP ey . -
PS_‘RXI 1T |
1 |
1 |
I i
UEy UE,
UL traffic DL traffic or idle
SINR = —ZSRX__

P;px + Noise





Photo of Measurement Setup and Scenario

« Outdoor CBSD was mounted near the wall to mimic wall attachment
 Indoor CBSD at various locations (4, 10 and 20 m between CBSDs, all NLOS)

 Building penetration loss may include

« Wall penetration
« Diffraction and penetration thorough a glass window

 Rich multipath components
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Measured Results

 No network connection failure for call cases

« Significant throughput degradation at 4 and 10 m

* No impact with inter-CBSD distance of 20 m

Throughput (Mbps)
Distance|  TDD configurations | Adjacent Channel 10 MHz 20 MHz
(no guard band) guard band guard band
Aggre_ssor TDD Con_flg 0 6.1 6.0 6.1
Victim TDD Config 0
4m Aggre_ssor TDD Con_flg 2 15 24 34
Victim TDD Config 0
Throughput degradation 75% 60%
Aggre_ssor TDD Con_flg 0 6.1 6.0 58
Victim TDD Config 0
10 m Aggre_ssor TDD Con_flg 2 14 39 40
Victim TDD Config 0
Throughput degradation 77%
Aggre_ssor TDD Con_flg 0 6.2 6.1 6.1
Victim TDD Config 0
20m Aggre_ssor TDD Con_flg 2 6.2 6.0 6.0
Victim TDD Config 0
Throughput degradation 0% 2% 2%






Comparison between Indoor-to-Indoor & Indoor-to-Outdoor

* Loss of network connection
* Indoor-to-Indoor: at 0.5 and 10 m

 Indoor-to-Outdoor: never, due to
larger distance and wall/window loss

« Throughput degradation

« At 20 m:
* Indoor-to-Indoor: 20% degradation
* Indoor-to-Outdoor: no degradation
* Due to wall/window loss

e At 10 and 4 m, strong throughput

degradation with 10 or 20 MHz guard
band

Impact: Throughput degradation or loss network connection

Scenario | Distance [ agjacent Channel 10 MHz 20 MHz
(no guard band) guard band guard band
05m 100% 100%
Indoor Loss connection Loss connection
33%
to 10 m Sometimes loss 0%
Indoor* connection
20m 0% 0%
Indoor 4 m 75.0% 60.0%
to 10 m 77.0%
Outdoor | 5 0.0% 2.0% 2.0%
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Detalled Measurement Results

Distance between Victimand

Aggressor CBSD Guard Band TDD Config RSRP (dBm) | RSRQ (dB) | UL Throughput (Mbps) | UL MCS Index | UL Modulation | Throughput Degradation (%)
Aggre_ssor TDD Copflg 0(DL) 100 7 6.1 15 64 QAM
. Victim TDD Config 0 (UL)
Adjacent Channel - 75
Aggressor TDD Config 2 (DL) 101 7 15 4 16 OAM
Victim TDD Config 0 (UL) '
Aggre-ssor TDD Copflg 0(DL) 100 7 6.0 15 64 OAM
am 10MHz Victim TDD Config 0 (UL) 60
Aggressor TDD Config 2 (DL) 100 7 24 4 16 0AM
Victim TDD Config 0 (UL) '
Aggressor TDD Config 0 (DL) ) R
20MHz Victim TDD Config 0 (UL) 101 ! 61 15 64QAM m
Aggressor TDD Config 2 (DL) 101 7 34 5 16 0AM
Victim TDD Config 0 (UL) '
Aggre_ssor TDD Co_nflg 0(DL) 101 7 6.1 16 64 OAM
. Victim TDD Config 0 (UL)
Adjacent Channel - 77
Aggressor TDD Config 2 (DL) 101 7 14 4 16 0AM
Victim TDD Config 0 (UL) '
Aggre_ssor TDD Co.nflg 0(DL) 100 7 6.0 16 64 OAM
10m 10MHz Victim TDD Config 0 (UL) 47
Aggressor TDD Config 2 (DL) 100 7 32 5 16 0AM
Victim TDD Config 0 (UL) '
Aggressor TDD Config 0 (DL) ) R
20MHz Victim TDD Config 0 (UL) 100 ! 58 13 64QAM 2
Aggressor TDD Config 2 (DL) ) R
Victim TDD Config 0 (UL) 100 ! 40 12 64QAM
Aggressor TDD Config 0 (DL) ) R
. Victim TDD Config 0 (UL) 101 ! 6.2 16 64QAM
Adjacent Channel - 0
Aggressor TDD Config 2 (DL) 101 7 6.2 16 64 0AM
Victim TDD Config 0 (UL) )
Aggre.ssor TDD Copflg 0(DL) 101 7 6.1 16 64 QAM
20m 10MHz Victim TDD Config 0 (UL) 2
Aggressor TDD Config 2 (DL) 101 7 6.0 16 64 QAM
Victim TDD Config 0 (UL) )
Aggressor TDD Config 0 (DL)
-101 -7 6 16 64 QAM
20MHz Victim TDD Config 0 (UL) Q 2
Aggressor TDD Config 2 (DL) 101 7 6 16 64 QAM

Victim TDD Config 0 (UL)
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Introduction

» Analyze the impact of OOB emissions from C-band or adjacent CBRS Cat.B network to an outdoor Cat.
A or Cat. B CBRS network

 Severity of impact depends on several factors:
 Relative loading between aggressor and victim networks
* Relative distance and orientation of aggressor and victim sites
* ACIR value
. etc.

* Need for dynamic system level simulations to provide estimations on the impact of OOB emissions using
realistic interference calculations
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Scenario description

L I
e ™A il " . -

AR AR R o G 4 r :
-1)"- Spin * ):—-"' ) )'-r +  CBRS-agressor.MBE UE synchronized TDD operating networks
o

B CBRS-ogressorMacroBS |-
CBRS-victim:MEB UE

_;)"': _::.._.-' ,.‘:)T;__l ..")_ —;-.._':_ERST‘*—EP—F"T"?_T-” E.S"  Urban sce.nor.io o N
: B At el » L D, » 3D traffic distribution (up to 7 floor buildings)
. o K e 1.‘:.'}-__._ : ,=,‘,:.: * 3GPP UMa propagation model (LoS/NLoS)
ko j-.p._ )-n" ' )f ,F . :, )_ :- « Low wall loss penetration model (38.901)
X RO RSN * 80% indoor generated traffic
);'1 :_: '::;‘- ),_%-“ ) » Non-full buffer “bursty” traffic generation
L5

A, 5_ .  Aggressor overloaded with 2x higher traffic demand

* No scheduling coordination between networks

Estimate OOB emissions impact using Ericsson R&D system level simulator

\

" - » Hexagonal clusters with fixed inter-site distance and

LY £ » Equal traffic demand between aggressor and victim
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Simulations Overview

Aggressor Network C-band C-band CBRS Cat.B CBRS Cat.B CBRS Cat.B CBRS Cat.B

Victim Network CBRS Cat. A CBRS Cat. B CBRS Cat. B CBRS Cat. B CBRS Cat. A CBRS Cat. A

Aggressor loading 16x, 32x 5x, 10x 1x, 2x 1x, 2x 3x, 6x 3x, 6x

TDD sync Yes Yes Yes Yes Yes Yes

Aggressor ISD 400m 400m 400m 400m 400m 400m

Aggressor-Victim 200m 200m 200m 200m 200m 200m

distance

Victim orientation Boresight Boresight Boresight Boresight Boresight Shifted boresight
omni No shifted azimuth  No shifted azimuth Shifted azimuth omni omni

ACIR 33dB 33dB 33dB 33dB 33dB 33dB

OOB interference between TDD synchronized networks

Aggressor BS to victim UE Aggressor UE to victim BS
J RGN ), -4l
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Studied deployment combinations

. N
Bore5|ght Omni
e Lo il meL mtes
. |- )— )— + CBRS-agressor:MBB UE |
"o ': B CBRS-agressor:Macro BS |,
[N .
s Y

CBRS-victim:MBB UE
CBRS-victim:MacroBS ~ }**

iv# ﬁ%x »v)
)'-}-)-)-r)-

Shifted Boresight Omni

e "

el

Boresight No shifted azimuth

CBRS-agressor:MBB UE |,
CBRS-agressor:Macro BS |,

CBRS-victim:MBB UE

CBRvaictlm MacroBS  |**

L gt il e L. Jamt e
)- )ﬁ )— )‘-‘ }— +  CBRS-agressor:MBB UE |
B CBRS-agressor:Macro BS |, w
CBRS-victim:MBB UE ¢
CBRS-victim:Macro BS

n
PEr .
' [N TR
] S
e :L .
oo

£ ? » 5o x

}wrﬁiy»»%»r>
IR RN )
SRR R k)
SRR

\

Boresight Shifted azimuth
RO T
,__< )-—( >~~< >~—<>——( >
- r—< +-< Yoy )"':( 3
(%«f«)~«»1y

2 « "
CBRS-vi ctm MBB UE
(r<>n<y4>u<»—
200 400 600 800 1@0@

000 -800 -600 -400 -200 200 400 600 800 1@@@
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Radio assumptions

Bandwidth 20 MHz 20 MHz 60 MHz

Duplex TDD (4:1) TDD (4:1) TDD (4:1)

Nr. of Tx/Rx 2T2R ATAR 64T64R

Antenna type Omni Classic (3-sector) Ma-MIMO (3-sector)

Total EIRP 33dBm 50 dBm 80 dBm
400/800 m 400 m 800 m

Antenna height 6m 15m 25'm

Tilt Electrical 2°

Y Y N

Nr. of Tx/Rx 1Tx4Rx 1Tx4Rx 1Tx4Rx

Output power 23 dBm 23 dBm 23 dBm

Antenna gain 0 dBi 0 dBi 0 dBi

Noise figure 7dB 7dB 7dB
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DL C-band vs adjacent CBRS Cat.B OOB impact

High aggressor utilization

Victim: CBRS outdoor Cat.A

N '
80 _\ N s 5t perc, Ideal
\ N m— =5t perc, Ideal
70 N\ ~ s 51 pere, C-band aggressor
0 N — =gt perc, C-band aggressor
2 60 th
.§ \ \ 5" perc, CBRS CatB aggressor
= 50 |- 9 5ot perc, CBRS CatB aggressor
a
~
S 40 | \ S
o N\
= 30 r \ \
2 \ \
D 20
\ \

|

)

Traffic per area unit [bps/m 2]

User throughput [Mbps]

150 |

100

\

Victim: CBRS Cat.B

e 5 T perc, Ideal

= =gpth perc, Ideal

e 5T perc, C-band aggressor

N m— =5t perc, C-band aggressor
5th perc, CBRS CatB aggressor
N 59t perc, CBRS CatB aggressor

200 400 600 800 1000
Traffic per area unit [bps/m

» In DL, CBRS is more friendly than C-band due to lower EIRP (C-band has ~25 dB higher)

* Qutdoor omni CBRS sites more sensitive to OOB emissions from either CBRS or C-band sites
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UL C-band vs adjacent CBRS Cat.B OOB impact

High aggressor utilization

\

Traffic per area unit [bps/m 2]

Traffic per area unit [bps/m

Victim: CBRS outdoor Cat.A Victim: CBRS Cat.B
14 |\ T T T T T 15 | T T T
~ & s 51 perc, Ideal s 51 perc, Ideal
12 \\ m— =5t perc, Ideal 1 > = =pgpth perc, Ideal
\\ s 5t perc, C-band aggressor S \—5th perc, C-band aggressor
'g‘_ 10 + \\ = =5t perc, C-band aggressor 1 'g‘_ = = 5ph perc, C-band aggressor
.§ J 5th perc, CBRS CatB aggressor _rz: 10 - 5th perc, CBRS CatB aggressor l
= 8+ 5o'th perc, CBRS CatB aggressor . = 59t perc, CBRS CatB aggressor
= N ~ >
S 6F S S 1 =} \s
= SN E
5 4f M S : 5l
5 NN 5
2t AN .
ALY
) L L ! \1-‘__4 )
%) 10 20 30 40 50 60 0 50 100 150 200

* In UL, C-band is more friendly than CBRS due to better UL link budget (~7 dB higher max array gain)

» Qutdoor omni CBRS sites might observe more severe degradation from adjacent channel CBRS CatB deployments
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Key takeaways

* C-Band to Cat A degradation > C-band to Cat B> Cat B to Cat A > Cat Bto Cat B

* Very high C-Band utilization (~90% of 66MHz channel) needed to severely impact CBRS

 In no cases are the losses “catastrophic” when typical network scenarios are analyzed

 Careful deployment (antenna gain, orientation, spacing, beamforming) has significant positive impact

DL Capacity loss Same-utilized aggressor | Over-utilized aggressor

C-band - CBRS cat.A ~25% ~45%
C-band - CBRS cat.B ~12% ~30%
CBRS cat.B - CBRS cat.A ~T% ~25%
CBRS cat.B > CBRS cat.B <5%/~10% (scenario C/D) <5%/~15% (scenario C/D)
C-band - CBRS cat.A ~5% ~10%
C-band - CBRS cat.B <5% <5%
CBRS cat.B > CBRS cat.A ~10% ~30%

CBRS cat.B = CBRS cat.B <5%/~5% (scenario C/D) ~10%/~15% (scenario C/D)
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CBRS Cat. B to CBRS Cat. B
Sync TDD, Impact on DL/UL performance
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Victim site at aggressor sector border (200 m)
Same loading between the two CBRS networks

DL CBRS-victim

UL CBRS-victim

150 | . | 15 — T |
N e 5 U perc, Ideal - ~ e 5t perc, Ideal
> == =50 perc, Ideal ™ == =50" perc, Ideal
> N e 5 T perc, Bore sight+same azimuth e 5 U perc, Bore sight+same azimuth
'g‘_ N = =gpth perc, Bore sight+same azimuth 'g‘_ = =gpth perc, Bore sight+same azimuth
-§ 100 - 5th perc, Bore sight+shifted azimuth i -§ 10 - 5th perc, Bore sight+shifted azimuth l
= 5ot perc, Bore sight+shifted azimuth = 50t perc, Bore sight+shifted azimuth
g . g s
N
S S 2 A\
e N Both CBRS have o Q
= 50 | &, | ~50% DL utilization 1 = Sr & ]
3] i Q
(%] (%]
- - \ Both CBRS have
~40% UL utiliZation
0 1 1 s O | — 1 ‘Ll o

0 200 400 60@ 800 1000 0 50 100 150 200

Traffic per area unit [bps/m 2] Traffic per area unit [bps/m 2]

» Worst case scenario for DL performance is when the boresight of the two CBRS sites overlap. Max DL capacity loss is ~14%,
while median performance can be reduced up to ~50%

* No severe impact on UL performance, max performance and capacity losses are less than 7%
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Victim site at aggressor sector border (200 m)
Aggressor overloaded with 2x more traffic than victim

DL CBRS-victim

150 | T |
N e 5 T perc, Ideal
> — =gt perc, Ideal
S S e 5 T perc, Bore sight+same azimuth
@ N m— =5t perc, Bore sight+same azimuth
2 100 » th : . . ]
-fza 5" perc, Bore sight+shifted azimuth
= 50t perc, Bore sight+shifted azimuth
a MIRN
= N
S N
o N\ Aggressor ~90% DL utilizat
£ 50t ‘ N Victim ~50% DL utilization
2 AN
-] N
\
7] L I i §
%) 200 400 600 800
Traffic per area unit [bps/m 2]

» Overloading aggressor can reduce victim DL capacity up to 18% for the worst case scenario of overlapping bore sight directions. ~10% capacity loss

when antennas’ boresight do not collide
» Overloading aggressor has medium impact on UL capacity of up to 16% for the worst case scenario. ~9% loss when antennas’ boresight do not

collide
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ion

1000

User throughput [Mbps]

10

UL CBRS-victim

e 5 1 perc, Ideal

N = =50™" perc, Ideal

e 5 1 perc, Bore sight+same azimuth

m— =5t perc, Bore sight+same azimuth
5th perc, Bore sight+shifted azimuth

59t perc, Bore sight+shifted azimuth

A
iN

e\ \
A
\
Aggressc} ~9Q7% UL utilization
Victim ~4@%Ul\utilization

! M da

50 100 150
Traffic per area unit [bps/m 2]

- |

200

\





CBRS Cat. B to CBRS Cat. A
Sync TDD, Impact on DL/UL performance
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Victim site at aggressor sector border (200 m)

Same loading between the two CBRS networks

DL CBRS-victim

UL CBRS-victim

\

9@ [ T T T 14 l\, T T T T
80 _\' S s 51 perc, Ideal | > S s 51 perc, Ideall
== =50™ perc, Ideal 12 | N == =50™ perc, Ideal
70 r S e 5 U perc, Bore sight - \\ e 5 U perc, Bore sight
7 S = =50 perc, Bore sight 7 10 f O [ =50 perc Boressight
_(ZD 60 N 5t perc, 6@ deg off Bore sight . _§ ) 5t perc, 60 deg off Bore sight
= 5o - 50t perc, 60 deg off Bore sight | - 8+t 50t perc, 60 deg off Bore sight
= S = S
S a0 L ~, | Aggressor ~25% DL utilization | S 6L \\ Both CBRS have
3 S \ictim ~40% DL utilization 3 % ~50% UL utilization
< R N = NN
-+ 30 B \ ] t \
o N o 47 N\
D 20 \ \ . - \
\ 2 | \
10 \ . \ ] \\ \
@ I . \"M— @ . . . M
0 50 100 150 200 250 300 0 10 20 30 40 50 60
. . . . )
Traffic per area unit [bps/m 2] Traffic per area unit [bps/m ]

* Medium UL capacity loss (up to 15%). Worst case when victim is at 60 deg offset from bore sight. Nearby aggressor UEs use higher
Tx power

» No severe impact on DL performance, max capacity loss is less than 7%. No major difference between the two victim deployments
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Victim site at aggressor sector border (200 m)
Aggressor overloaded with 2x more traffic than victim

DL CBRS-victim

9@ | T T T
80 _\' s 51 perc, Ideal
=5 th deal
N perc, Idea
70 - hd S s 51 et Bore sight
o ’ == =50 perc, Bore sight
2 60 th .
-§ 5" perc, 60 deg off Bore sight
= 50 & N\ 50" perc, 60 deg off Bore sight
2 NN
S 40 - \ N\, , Aggressor ~90% DL utilization
3 Victim ~60% DL utilization
= 30 N\
8 \ \
10 t N \
\_\ \
@ I I -
0 50 100 150 200 250
Traffic per area unit [bps/m 2]

» Overloading aggressor can reduce victim DL capacity up to ~30%

300

User throughput [Mbps]

» Overloading aggressor has high impact on UL capacity of up to ~35%

» Lower transmit power and omni antennas for victim CBRS lead to higher adjacent channel interference impact
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Introduction

« Estimating the interference created by the C-Band to the CBRS band.

« (C-Band emission limit is rather high, which could create interference in the CBRS
band due to TX leakage and RX selectivity.

« The analysis is performed using dynamic simulations with throughput and
interference estimations.
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ACIR

Adjacent channel interference source:
« Imperfection in the transmission filter and non-linearities: leakage.

* Imperfection in the receive filter and non-linearities: selectivity.

1

« Adjacent Channel Interference Ratio ACIR = —4——+

ACLR ACS

Total power: C aBm
Inband averageattenuation: AdB

Receive filter shape Output signal

waveform
Average suppression of
ACS (dB).A-B receive filter to adjacent

ACLR (dB): C-D
chanrel: B dB
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Total power: D dBm
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Simulation Scenarios

C-Band to CBRS,BS-BS interference:

1. 100% unsynched TDD-worst case

2. Semi-Synched TDD simulations

3. Co-sited TDD frame Synched CBRS and CBAND BSs

4 21/08/2020 © Nokia 2018 Luca Rose
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C-Band to CBRS BS to BS interference
100% unsynched TDD-worst case
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BS to BS

DescriptiOn CBAND

CBRS

Q=T
« Worst case scenario simulation estimating the effect of C- \
BAND adjacent band interference over CBRS band. % %
« Full buffer transmissions: C-BAND and CBRS always have data —
to transmit. CBRS CBRS

« Full asynchronous: CBRS frame is composed only of Uplink

subframes while C-BAND frame is composed only of Downlink \ d;//" A

subframe.

* Interference is generated by: % %
Conflicting CBAND subframes (power attenuated by ACIR)

Non-conflicting CBRS subframes (in-band interference)
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Simulations Details
Victim (CBRS) [System-1]

« Hexagonal grid, 7 cells, 3 sector per cell,
10 Users per sector.

 BSheight: 25 m

« M-MIMO BS

* UE antenna: isotropic

* BS Max EIRP: 33dBm/MHz

« UE Max Tx power 23dBm, open loop
power control.

e 10 UL Subframes
« |SD: 500m
* Noise figure: 6dB.

7 21/08/2020 © Nokia 2018 Luca Rose

Settings

Channel model: Uma (LoS-NLoS)
Aggressor-Victim distance: 1700m, 300m

Aggressor (C-BAND) [System-2]

Hexagonal grid, 19 cells, 3 sector per cell, 10
Users per sector.

BS height: 25 m

Tx Power: 33dBm/MHz

Max EIRP: 57dBm/MHz

M-MIMO BS

10 DL subframes

Attenuation (ACIR): 46dB and 58dB
ISD 500m

NOKIA





Simulations Scenario Example - 100m

1500 —
1000 — . . .
o °
P 3 74
.t 7 3 3 3
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- 74 S
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Interference Level

09 r

0.8 r

0.7

0.6

05r

04 r

03r

0.2

01r

s 100m 46dB
= 100m 58dB

300m 46dB

m—— 300m 58dB
s BASELINE

Noise

0
-145

9

-140 -135 -130 -125
Power (dBm)
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-120

-115

-110

-105

Interference level measured the CBRS BS with
different ACIRs and distances.

Interference is generate by both conflicting
CBAND subframes and CBRS in-band UEs.

Baseline interference level is high, which
makes difficult to appreciate from the CDF the
impact of the filter.

Impact more evident for cell edge users.

ISD 300m with 58dB of attenuation has
almost the same interference values of the
baseline

30% of the time interference is higher than

the noise floor even for the baseline
(interference generated by UL UEs).
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Throughput Level
CBRS Uplink

10

09 r

0.8 1

0.7

06

051

04 r

031

0.2

0.1}

s 100m 46dB
= 100m 58dB

300m 46dB
—— 300m 58dB
s BASELINE

0 10 20 30
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40
Mbps

50

60 70

80

Uplink average throughput of the uplink
CBRS band under different ACIRs and
distances.

300m-46dB and 100m-58dB have
similar throughput levels.

300m-58dB and baseline have almost
same performance: no extra attenuation
is needed.

Same system interference is non-
negligible (also the baseline is an
interference-limited system).

I/N is not a good parameter to measure
CBAND effect over CBRS with 500m ISD.
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Simulations

=

Baseline
100m 46dB
100m 58dB
300m 46dB

300m 58dB
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Cell-center avg
S. eff (bps/Hz)

4.369

2.742

3.922

3.86

4.18

Cell-edge avg Cell-center loss Cell-edge loss
S.eff (bps/Hz)

0.709

0.0224

0.418

0.27

0.67

37.2%

10.2%

11.6%

4.3%

96.8%

41%

61.9%

5.5%
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C-Band to CBRS BS to BS interference
Semi-Synched TDD simulations
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Description

13

More realistic scenario. Both system in
UL and DL.

CBRS 70% of DL subframes, 30% of UL
subframes. CBAND 50% probability of
frame collision.,

Interference is generated by:

Conflicting CBAND subframes (power
attenuated by ACIR)

Non-conflicting CBRS subframes (in-band
interference)
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Simulations Details
Victim (CBRS) [System-1]

« Hexagonal grid, 7 cells, 3 sector per cell,
10 Users per sector.

 BSheight: 25 m

« M-MIMO BS

* UE antenna: isotropic

« BS Max EIRP: 33dBm/MHz

« UE Max Tx power 23dBm

e 7DL subframe 3UL Subframes
« |SD: 500m

* Noise figure: 6dB.
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Settings

Channel model: Uma (LoS-NLoS)
Aggressor-Victim distance: 1700m, 300m

Aggressor (C-BAND) [System-2]

Hexagonal grid, 19 cells, 3 sector per cell, 10
Users per sector.

BS height: 25 m

Tx Power: 33dBm/MHz

Max EIRP: 57dBm/MHz

M-MIMO BS

50% probability of frame collision
ISD 500m

NOKIA





Simulations Details

ACIR values used in the simulations.

BStoBS | BStoUE | UEto UE m

(46 -58) dB 30 dB 27 dB 30 dB

« BS to UE and UE to UE values are dominated by the UEs’ ACS.
« UE to BS ACIR value is dominated by the UE ACLR.
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Throughput Level
g I:|) c » Uplink average throughput for the CBRS band,
CBRS Uplin under different ACIRs and distances.

» Baseline: CBRS system alone (no CBAND

interference)
0.9
* 100m distance with 46dB ACIR shows a
0.8 significant reduction in throughput.
0.7
* 300m distance with 46dB ACIR and 100m
0.6 distance with 58dB ACIR show similar
performance very close to the one of the
0.5 baseline.
0.4 . :
* 300m ISD with 58dB ACIR has equivalent
031 performance as the baseline.
s 100 468
0.2 ;832 igjg « Passing from 100 to 300 m increases the
0.1 s 300m 58B pathloss of 18dB (Uma nLoS) or 10dB (Uma
' s BASELINE LoS).
O | | | | |
0 5 10 15 20 25

e Uma LoS PL at 300m is about 98dB.
Mbps
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Throughput Level
CBRS Downlink

« Downlink average throughput for the
CBRS band, under different ACIRs and

distances.
m———100m 46dB
s 100m 58dB
300m 4648 « Baseline: CBRS system alone (no CBAND
—— 300m 58dB .
e BASELINE interference)
* Intra-system interference strongly
dominate DL performance.
* No visible difference in throughput are
obtained in the different configurations.
O | | | 1 | | |
0 10 20 30 40 50 60 70

Mbps
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Simulations

SULEUAN b OoWNLINK

Baseline
100m 46dB
100m 58dB
300m 46dB

300m 58dB
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Cell-center avg
S.eff (bps/Hz)

3.39

3.22

3.219

3.219

3.219

Cell-edge avg Cell-center loss Cell-edge loss
S.eff (bps/Hz)

0.31

0.2606

0.265

0.267

0.269

5%

5%

5%

5%

14%

14%

14%

14%
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Simulations

>ummary UPLINK

Baseline
100m 46dB
100m 58dB
300m 46dB

300m 58dB
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Cell-center avg
S.eff (bps/Hz)

1.44

0.838

1.18

1.145

1.34

Cell-edge avg Cell-center loss Cell-edge loss
S.eff (bps/Hz)

0.185

0.02

0.086

0.085

0.18

42%

18%

20%

6.9%

39%

54%

54%

2.7%
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Co-sited TDD frame Synched CBRS and CBAND BSs
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Description

« (CBAND and CBRS BSs positioned on the
same poles at different heights.

 Distance between CBAND and CBRS BSs
= 5m.

* Frame aligned (both system in DL and
UL in the same subframes).

* Interference is generated by:

Aligned CBAND subframes (power attenuated
by ACIR)

Aligned CBRS subframes (in-band interference)
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Simulations Details
Victim (CBRS) [System-1]

« Hexagonal grid, 7 cells, 3 sector per cell,
10 Users per sector.

 BSheight: 15 m

« M-MIMO BS

* UE antenna: isotropic

« BS Max EIRP: 33dBm/MHz

« UE Max Tx power 23dBm

e 7DL subframe 3UL Subframes
« |SD: 500m

* Noise figure: 6dB.
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Settings

Channel model: Uma (LoS-NLoS)
Co-sited BSs

Aggressor (C-BAND) [System-2]

Hexagonal grid, 7 cells, 3 sector per cell, 10
Users per sector.

BS height: 20 m

Tx Power: 33dBm/MHz

Max EIRP: 57dBm/MHz
M-MIMO BS

Subframes aligned with CBRS

NOKIA





Simulations Details

ACIR values used in the simulations.

BStoBS | BStoUE | UEto UE m

(46 -58) dB 30 dB 27 dB 30 dB

« BS to UE and UE to UE values are dominated by the UEs’ ACS.
« UE to BS ACIR value is dominated by the UE ACLR.
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Throughput Level
CBRS Uplink

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

24

’/ BASELINE
| | | | |

0 5 10 15 20 25

Mbps
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Uplink throughput of the CBRS band
under different attenuations.

UP link performance are not affected by
ACLR of the CBAND (46dB and 58dB

curves are superimposed).
« The limiting factor is the UE ACLR

Up link performance are very close to the
one of the baseline.
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Throughput Level
CBRS Downlink

09+ /’/-‘f—’_—
0.8 [
0.7 r
06r
05
04 r
0.3r
0.2 r /
01F § 5848
g BASELINE
&4
0 L& | | | | | | |
0 10 20 30 40 50 60

Mbps
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70

Downlink throughput of the CBRS band
under different attenuations.

Down link performance are not affected
by ACLR of the CBAND (46dB and 58dB

curves are superimposed).
« The limiting factor is UE ACS

Down link performance are very close to
the one of the baseline.

NOKIA





Simulations

Summary Cell-center avg | Cell-edge avg Cell-center loss Cell-edge loss
S.eff (bps/Hz) S.eff (bps/Hz)

Baseline 3.39 0.31
Downlink
46dB -58dB 3.38 0.305 0.3% 1.6%
Baseline 1.44 0.185
Uplink
46dB - 58dB 1.435 0.181 0.34% 2.1%
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Summary & Conclusion
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Conclusions and Future Work
Non co-sited BSs

28

Under worst case TDD frame configuration (100% of frame collision, victim-CBRS always in UL, full
buffer both networks), 300m distance between CBAND and CBRS BSs, with 58dB of ACIR performs
almost as good as the baseline (CBRS only network). With ACIR 46dB, there is a manageable drop in
performance for the cell center but a more significant drop for cell edge users.

Under more realistic TDD frame configuration, the uplink performance of CBRS with 300m distance
between CBAND and CBRS BSs, and 58dB ACIR shows almost no loss with respect to the baseline.

The downlink performance of CBRS are in all cases not impacted by the presence of the CBAND
network.

A distance of 300m would potentially guarantee a sufficient protection for the CBRS BSs. Note that
this is in line with deterministic studies.
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Conclusions and Future Work
Co-sited BSs

« Distance of 5min vertical between the CBAND and the CBRS BSs would potentially guarantee sufficient
attenuation for both the UL and the DL under the assumption of perfect frame alignment between the
two systems.

Future Work
» Evaluate interference of the CBRS system on the CBAND.
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Thank youl!

Questions?
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Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

8. Appendix D: Technical Details of SoW Item 4 - Coexistence Options

TWG4 examined coexistence options, including a survey of what is happening globally in the
mid-band TDD networks (2, 3, and 4 GHz bands). We also looked at various global regulatory
and operator’s intra-band coexistence methods, see below

The following summarizes the two presentations on the topic:

e Licensing was a mix of allocation of spectrum to the operators and auctioning of
spectrum.

e The use of guard bands was rare, except for one 4G case.

e In 5G networks, coordination among operators is the method for deciding TDD
parameters. The Chinese regulator was involved in organizing negotiations. In 4G
networks, there was more regulator involvement including three mandating a set of
TDD parameters.

e In many countries that we analyzed, with or without a regulatory mandate, operators
are collaborating in the choice of specific TDD configuration parameters, to be
applied in-common among all networks using adjacent unpaired spectrum
allocations.

o Japan’s ministry of communications guidelines recommends that operators
support the industry-consensus TDD parameters.

o China’s MIIT recommends synchronization for adjacent TDD systems, and
requests that operators negotiate with one another to identify specify
synchronization schemes

o Operators in several European countries have selected a preferred TDD
pattern, with the encouragement of local regulators but without a pre-existing
mandate. The operators’ consensus in these countries is for a TDD pattern
with uplink-downlink ratio between 1:3 and 1:4

e Asaframework for regulators and operators to consider, GSMA suggests®: 1) defining a
default national parameter set, 2) permitting operators to agree on localized arrangements
and the use of alternative synchronization frame structures, and 3) allowing operators to
update the agreed national TDD synchronization parameters.

e Some countries have an alternate TDD configuration as well. The UK has a primary
and alternate TDD pattern with a permissive and restrictive mask, respectively. Japan
allows operators to use an alternate TDD pattern locally by changing some downlink
slots to uplink.

8 See GSMA’s 5G TDD Synchronisation Guidelines and Recommendations for the Coexistence of TDD Networks in
the 3.5 GHz Range. https://www.gsma.com/spectrum/wp-content/uploads/2020/04/3.5-GHz-5G-TDD-
Synchronisation.pdf
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e There are two predominant special slot configurations -> (Downlink: Guard Period:
Uplink Symbols):
o Without incumbents present in the band -> 10:2:2
o With incumbents present in the band -> 6:4:4 or 4:6:4

The following are further findings of TWG4’s research on various countries’ 5G mid-band TDD
coexistence efforts.

Country Allocated Band Licenses TDD Coordination
Japan 3600 — 4100 MHz 3600 - 4100 Not Regulator draft guidelines
4500-4600 MHz MHz split used  proposed that operators agree
between 4 on TDD synchronized operation
operators such as transmission time and
frame structure
China 3400 - 3600 MHz, See Allocated | Not Regulator organizing
awarded to 3 MNOs, Bands used MNO/stakeholders to negotiate a
June 2019 single TDD scheme for 3500 MHz
4800 — 4900 MHz band. Regulator rules that
awarded to 3 MN,Os interference due to out-of-sync
June 2019 ' operations must be coordinated

4900 — 4960 MHz,
awarded to China
Broadcasting Network,

June 2019
Italy 3600-3800 MHz, June unknown Not Operators will coordinate to
2017 used  decide synchronization
framework. Post — auction,
Regulator set up working groups
of licensees.
Germany 3400 -3700 MHz, TBD Not Operators to coordinate
auction June 2019 used  agreeable solution
3700 — 3800 MHz,
applications Nov 2019,
private use ‘innovative
5G solutions’
USA 3550 — 3700 MHz Multiple, 10 Not Proposed local coordination via
MHz each. used  Connected Sets
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The following countries have a national preferred frame structure (see table below for details
of the choice of TDD pattern):
* Japan, China, Malaysia, South Korea, UK, Ireland, Spain, Germany, France, Italy, Austria,
Norway, Denmark, Sweden, Switzerland, Belgium.

| #  Country  Pattern |
1 Norway DDDSU
2 Denmark DDDSU
3 Sweden DDDSU
4 Germany DDDSU
5 Switzerland DDDSU
6 Belgium DDDSU
7 Luxembourg DDDSU
8 South Korea DDDSU
9 France DDDDDDDSUU
10 |Italy DDDDDDDSUU
11 Austria DDDDDDDSUU
12 Ireland DDDDDDDSUU
13 Japan DDDDDDDSUU

14 China (excluding Taiwan, HK, Macau) DDDSUDDSUU
15 United Kingdom DDDSUUDDDD

Source: https://i0.wp.com/www.gsma.com/spectrum/wp-content/uploads/2020/04/5G-
TDD-Synch-map.png?ssi=1

Of the countries listed above, the following also offer an alternative to enable some degree of

flexibility:
* Japan: Local 5G operators can have an alternate pattern where DL slots can be changed
to UL.

* UKand Ireland: Adopted alternate ‘semi-synchronized’ frame structure with a
‘restrictive’ (more conservative) emissions mask for its base-stations.
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The following GSMA recommendations follow global usage of the TDD patterns shown in the
above table:

Recommended parameters for when there are no incumbents in the band, (only 5G NR
networks present)®
* Preferred frame structure: DDDSU
* Subcarrier Spacing (SCS): 30 kHz
* Cyclic prefix = Normal (corresponding to 3GPP numerology 1).
* Special slot “S” format is 10:2:2 (10 Downlinks, a 2 Guard Periods and 2 Uplinks,
symbol periods)
Recommended parameters for the best compromise for performance where coexistence with
incumbent LTE systems is required.!°
* 5G NR networks use on of the following patterns
« DDDSUUDDDD or
« DDDDDDDSUU (with a 3ms shift)
* Subcarrier Spacing (SCS): 30 kHz
*  Special slot “S” format is 6:4:4 (6 Downlinks, 4 Guard Periods and 4 Uplinks,
symbol periods)
* Normal cyclic prefix

The related presentations are attached below.

He [0 8 [O0

Nokia C-Band TDD coexistence TDD coexistence
-CBRS TDD synch.pd globally v1 for 7-31- global analysis for9

9 GSMA Recommendation #3, Case a) Incumbent systems are not present in the band [in adjacent band in CBRS
case]. https://www.gsma.com/spectrum/wp-content/uploads/2020/04/3.5-GHz-5G-TDD-Synchronisation.pdf

10 GSMA Recommendation #3, Case b) when incumbent systems are present in the band [in adjacent band in CBRS
case). Provide[s] the best compromise for performance where coexistence with incumbent LTE systems is
required.

https://www.gsma.com/spectrum/wp-content/uploads/2020/04/3.5-GHz-5G-TDD-Synchronisation.pdf
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* Preview of various countries mid-band TDD coexistence efforts
* This Is a work-in-progress

* Topics covered:
 Allocated Band(s)
* Licenses
* Duplex Scheme
« Guard Band Usage
 TDD Coordination Method






* United States
 Japan

* China

« Malaysia

« South Korea
« UK

* Ireland

« Spain

e [taly

« Germany





* Mostly held by Sprint (now T-Mobile)
* Allocated band: 2496 — 2690 MHz

* Channel size: 5,10, 15, 20 MHz

* Duplex scheme: TDD

« Guard Bands. Not used except 1 MHz
at bottom of band

« TDD Coordination: Operators in the
band coordinate TDD parameters

Band Plan

See 47 CFR §27.5)

Hz
STQM 2222222
B B
RIAAABBBLCLC(CDDD|ABC[DGIF E|[REEE F|F|IFHHHGG
Sl12[3[1[2[3[11213[12[3[ |44 |4|4|4]4|aMs|1]2(3]1]2|3]1]2|3]1]2
1 2
2568 MHz— J572M 1AMHz T 2618 MHz
— /
JII[I[ ||| ][y K KKK KK K [
[Jers alalAlB|BIBIC|c|cD|DID H|H[H|GlGlGIF|F|F[EIE[E
[Jees 1121311[2[31|2|3|1]2|3 1(2(3[1|2|3|1]2[3]1|2|3
|:| BBBBB
T v -
33 MHz 333 MHz
(4 MHz EBS) ( BRS, 1 MHz EBS)






 Allocated band: 3550 — 3700 MHz

e Channel size: 10 MHz, 5/10 MHz grants
* Duplex scheme: TDD

« Guard Bands: Not used

* Proposed local coordination of TDD Sync parameters via
Connected Sets with TDD configurations.

3550 MHz 3650 MHz 3700 MHz
1. Incumbent Access 1. Incumbent Uses
| 2. Priority Access 2. General Authorized
3. General Authorized Access
Access
A 1 1 1) 1 1 10
MHE BAHT MH2 hAHT haHZ MHE PlHz PAHT MiHZ MHZ






* Allocated Band 3400 — 3600 MHz

* Licenses: 40 MHz per operator. presumably nationwide

* Duplex scheme: TDD. All operators agree on the use of TDD for duplex scheme in

Jan 2014

 Guard Bands: Not Used. oOperators agreed that TDD synchronization was ideal to

avoid use of guard bands. Jan 2014

 TDD coordination: Regulator draft guidelines — operators should agree on TDD sync
parameters such as transmission time and frame structure. Operators agreed on DL/UL 3:1 ratio.

https://www.ecodocdb.dk/download/220ac21f-b44b/ECCREP216.PDF (Annex 3)

NTT DOCOMOD

KDDI
SoftBank





Allocated Band: 3600-4100, 4500-4600 MHz (April 2019)
* Licenses: 3600-4100 MHz split between four operators

* Duplex Scheme: TDD

« Guard Bands: Not used.

« TDD Coordination: Regulator draft guidelines proposed that
operators agree on TDD synchronized operation such as
transmission time and frame structure.

4100 MHz





 Allocated bands: 2.6 GHz (b41) and 2.3 GHz bands

e Licenses:
» 2.3 GHz to China Mobile (CMCC), China Unicom(CU)
« 2.6 GHz to CMCC, CU, China Telecom(CT),

* Duplex scheme: TDD
 Guard Bands: Not used

« TDD Coordination: Regulator guideline implemented a
nationwide TDD sync scheme in 2.6 GHz band. This was the first
mid-band TDD LTE network in the world
I RN

2300 2320 2370

https://www.ecodocdb.dk/download/220ac21f-b44b/ECCREP216.PDF (Annex 3)

2400 2500 2555 2575 2635 2655 2690





* Allocated Bands:
e 3400 — 3600 MH2z, awarded to 3 MNOs, June 2019
e 4800 — 4900 MHz, awarded to 3 MNOs, June 2019
e 4900 — 4960 MH2z, awarded to China Broadcasting Network, June 2019

 Licenses: Summary above, details TBD
* Duplex scheme: TDD
« Guard Bands: Not used

« TDD Coordination: Regulator organizing MNO/stakeholders to negotiate
a smfgle TDD scheme for 3500 MHz band. Regulator rules that
Interference due to out-of-sync operations must be coordinated

* Further Spectrum Allocation: 3300- 3400 MHz for 5G Indoor use, Feb 2020,

awarded to China Telecom, China Unicom and CBN





* Allocated Band™: 2.3 GHz (WiMAX /WIBro)

 Licenses: SKT and KT

« Guard Bands: Need to confirm

« TDD Coordination: Inter-operator agreement codified by regulator






 Allocated Band: 2300 MHz band
* Licenses [TBD]

* Duplex Scheme: TDD

 Guard Bands: TBD

« TDD Coordination: Voluntary synchronization cooperation
agreement amongst operators. Agreed DL/UL ratio is 29:18 but there is a possibility

to agree alternative ratios.





» Allocated Band:
* 3400 - 3600 MHz (150 MHz of spectrum), June 2018
* 3800 — 4200 MHz band (July 2019)
+ 3680 — 3800 MHz band (2H2020)

* Licenses: [xxxxxx]
* Duplex scheme: TDD

 Guard Bands: Not Used

« TDD Coordination: 3400 MHz band awarded using LTE-TDD frame configuration #2 with special sub-frame
configuration #6 (or equivalent frame structures whose transmit and receive periods are aligned with this configuration) as
the "preferred frame structure" (see figure below) which an operator must comply with in order to be allowed to comply
with the "permissive transmission mask, below

Sublrame nUmber daf H3G UK Broadband Telefonica EE UK Broadband
o ‘ 5 8 7 8 9 Vodafone roadpan elefonica roaapan
LI - 3410-3460 MHz ELGIZEREL G Fa  3480-3500 MHz 3500-3540 MHz 3540-3580 MHz 3580-3600 MHz

s UIDJE .
Alternate TDD Coordination: Operator unwilling to adopt the "preferred frame structure" must
comply with the "restrictive transmission mask" and the "compatible frame structure" (see
figure below), i.e. must comply with semi-synchronized operation.

DL/UL ratio

Subframe number
DLULTatl0 ! o A 721 131 4 8 181 EXE 181 19

Any D| S| U

https://www.ecodocdb.dk/download/19d5a467-c234/ECC%20Report%20296.pdf






« An operator unwilling to adopt the "preferred frame structure" must comply with
the "restrictive transmission mask" and the "compatible frame structure" (see
figure below), i.e. must comply with semi-synchronized operation.

g Subframe number
QUL 180 g 1 2 181 [ 15 161 F2 T8 9

» Licensees are required to synchronize their networks in order to avoid interference to
one another, so traffic alignment and the “preferred frame structure” for transmission
with the limits of the "permissive transmission mask" are mandated to implement the
synchronization. Timeslots must have a duration of 1ms. LTE-TDD frame configuration
#2 (3:1) is compatible with this frame structure.

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/SiteAssets/Pages/Conformityandinteroperability2018/Session%202-5.pdf





* The UK completed the auction of 150 MHz of 3.4-3.6 GHz spectrum
In June 2018.

* In July 2019, Ofcom announced new spectrum-sharing
arrangements in the 3.8-4.2 GHz band. Local licenses will be
assigned by Ofcom on a FCFS basis

* MNO Three also holds various mid-band spectrum licenses on a
national basis through its acquisition of UK broadband.

* The UK anticipates awarding 120 MHz of spectrum in the the 3.68-
3.8 GHz band in H2 2020 for a total of 790 MHz in C-Band.





 Allocated Band: 3600 MHz band, June 2017
* Licenses: [TBD]

* Duplex Scheme: TDD

« Guard Bands: [TBD]

« TDD Coordination: Regulator selected LTE-TDD frame configuration

#2 with special sub-frame configuration #6 (or equivalent frame structures

whose transmit and receive periods are aligned with this configuration) as the default frame
structure which an operator must comply with in order to be allowed to comply with the
"permissive Block Edge Mask". Regarding ‘restrictive transmission mask™: [xxxx]

* The operator must also ensure compliance with a common reference
time of +/- 1.5ps.

https://www.ecodocdb.dk/download/19d5a467-c234/ECC%20Report%20296.pdf





 Allocated Band:

» 3600 — 3800 MHZ (sept 2018)

e 3.4 — 3.6 GHZz (126 MHz of spectrum)
* Licenses: [TBD]

* Duplex Scheme: TDD

» Guard Bands: Not used

« TDD Coordination: Operators will coordinate to decide
synchronization framework. Post — auction, Regulator set up
working groups of licensees.

https://www.ecodocdb.dk/download/19d5a467-c234/ECC%20Report%20296.pdf





* Allocated band: 3400 — 3700 MHz, auction June 2019

° Upcoming band: 3700 — 3800 MHZz, applications Nov 2019, private use ‘innovative
5G solutions’

 Licenses: TBD
« Guard Bands: Not used
« TDD Coordination: Operators to coordinate agreeable solution





Analysys Mason, Final Report for CTIA, Mid-Band Spectrum Global Update, Mar.
2020.

European 5G Observatory, “In April 2019, The Ministry of Internal Affairs and
Communications (MIC) has assigned spectrum in the 3.7 GHz, 4.5 GHz and 28
GHz bands,” Apr. 16, 2019

https://www.ecodocdb.dk/download/19d5a467-c234/ECC%20Report%20296.pdf

https://www.itu.int/en/ITU-D/Regional-

Presence/AsiaPacific/SiteAssets/Pages/Conformityandinteroperability2018/Session
%202-5.pdf

https://www.itu.int/en/ITU-D/Regional-

Presence/AsiaPacific/SiteAssets/Pages/Conformityandinteroperability2018/Session
%202-5.pdf





International Spectrum Auctions for Commercial 4G and 5G Systems in the 3 GHz Band

Country 3.3-3.4 3.4-35 3.5-3.6 3.6-3.7 3.7-3.8 3.8-3.9 3.9-4.0

United States

China

Germany

United Kingdom

France

Austria

Poland

Romania

Sweden

Singapore

Spain

Italy

Greece

Bahrain

India

Oman

Saudi Arabia

Philippines

Taiwan

lapan

South Korea

Auctioned By 2021 Post 2021
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Objective:

 Assist TDD-related decision-making of this TWG-4 considering
limited information that is available from other countries.

Agenda:
« Overview of Frame Structures globally
* Options for discussion





Following countries have a national preferred frame structure :-

« Japan, China, Malaysia, South Korea, UK, Ireland, Spain, Germany, France,
Italy, Austria, Norway, Denmark, Sweden, Switzerland, Belgium
No incumbents in the band, 5G NR networks only
* Preferred frame structure: DDDSU
« Subcarrier Spacing: 15 kHz SCS
» Cyclic prefix = Normal (corresponding to 3GPP numerology 1).

« Special slot “S” format is 10:2:2 (10 Downlinks, a 2 Symbol Guard Period and 2
Uplinks)

LTE Incumbents in the band — best compromise for incumbent LTE coexistence
* 5G NR networks use:

« DDDSUUDDDD or

« DDDDDDDSUU (with a 3ms shift)






Alternatives to the preferred frame structure

« Japan: Local 5G operators can have an alternate pattern where
DL slots can be changed to UL.

« UK and Ireland have adopted alternate ‘semi-synchronized’ frame
structure with a ‘restrictive’ (more conservative) emissions mask
for its base-stations.





Overview of frame structures globally

_ : . Tracker
Countries using pattern Map
DDDSW
color
1 MNorway DDDsSU Blue | Visual inspection GSMA tracker map 8-4-20
2 | Denmark DDDsSU Blue | Visual inspection GSMA tracker map 8-4-20
3 | Sweden DDDSU Blue | Visual inspection GSMA tracker map 8-4-20
4 | Germany DDDSU Blue | Visual inspection GSMA tracker map 8-4-20
5 | Switzerland DDDSU Blue | Visual inspection GSMA tracker map 8-4-20
6 | Belgium DDDSU Blue | (8-4-20 GSMA e-mail) 8-4-20
7 | Luxembourg DDDSU Blue | (8-4-20 GSMA e-mail) 8-4-20
8 | South Korea DDDSU Blue | Visual inspection GSMA tracker map 8-4-20
9 | France DDDDDDDSUU | Orange | Visual inspection GSMA tracker map 8-4-20
10 [taly DDDDDDDSUU | Orange | Visual inspection GSMA tracker map 8-4-20
11 Awustria DDDDDDDSUU | Orange | Visual inspection GSMA tracker map 8-4-20
12  Ireland DDDDDDDSUYU | Orange | Visual inspection GSMA tracker map 8-4-20
13  Japan DDDDDDDSUU | Orange | Visual inspection GSMA tracker map &8-4-20
|
14 | Chinaiexdudine ' pnnginpsyy | Red | Visual inspection GSMA tracker map | 8-4-20
Taiwan, HEK, Macau)
15  United Kingdom | DDDSUUDDDD | Yellow | Visual inspection G5MA tracker map 8-4-20

All patterns using a ratio between 1:4 and 1:3 (UL:DL)





Overview of frame structures globally

Selected frames per country
[ oDpDDDDDSUU

. DDDSUDDSUU

| | DDDSUUDDDD

B ooDsu

https://i0.wp.com/www.gsma.com/spectrum/wp-content/uploads/2020/04/5G-TDD-Synch-map.png?ssl=1





Japan :

nd1/n77/n78/n79: LTE DSUDD and NR SCS5=30 kHz : DDDSUU DDDD,

S=6DL 4G 4UL
ndo7 SCS5=120 kHz DDD3U, S=10DL 2G 2UL

Local 5G operators can have an alternative pattern where DL slots can be

changed to UL:
nf9 SCS=30 kHz DDDSUU DSUU
. n257 3C5=120 kHz DDSUU

Korea:
n/8 SCS5=30 kHz : DDDsSU, S=10DL 2G 2UL
n297 SCS=120 kHz DDDsSU, S=10DL 2G 2UL

China:

n41 LTE DDDSU |, 5=8D+3G+2U (shifted 3 slots) and NR SCS5=30 kHz

DDDDDDDSUU, S=4DL 6G 4UL
n/8 DDDSU DDSUUY |, 5=10DL 2G 2UL —

|-—-'- am —ﬁ-I-q—Z' W ——

——

A A ekl 4.3 Ghiz
BT GhE A8 GHr &l 5

Mostly single TDD Frame

configuration with time
synchronization requirements






Overview of frame structures globally

UK, Ireland

Figure 1: Frame Structure A

Figure 2: Frame Structure B

DL/UL rati Subframe Number
Subframe Number ratio
DUULmﬁuDllEdSE?BE b2 1410151718
>
25l
Radio Equipment? Maximum mean power
non-AAS base stationl®! 65 dBm /5 MHz EIRP per cell
AAS base stationl® 44 dBm /5 MHz TRP per cell
v Mobile or nomadic terminal station® | 28 dBm TRP v
Fixed or installed terminal station® | 35 dBm /5 MHz EIRP Restrictive Mask
Permissive Mask
Non-AAS AAS Non-AAS AAS
dBm /5 MHz EIRP per  dBm /5 MHz TRP dBm / 5 MHz EIRP per  dBm /5 MHz TRP
antenna per cell cell per cell
-5 to 0 MHz offset from lower block edge Min(PMax — 40, 21) Min(PMax’ — 40, 16) Out of block baseline power limit (BS) 34 -43
0 to 5 MHz offset from upper block edge
-10 to -5 MHz offset from lower block edge Min(PMax — 43, 15) Min(PMax' — 43, 12)
5 to 10 MHz offset from upper block edge
Out of block baseline power limit (BS) Min(PMax — 43, 13) Min(PMax’ — 43, 1)
< -10 MHz offset from lower block edge
> 10 MHz offset from upper block edge






Special slot configuration

Frame A

Frame B

DL/UL slot pattern

DDDSU DDDSU DDDSU DDDSU

(see note 1)

DDDsUUDDDD DEDSUUDDDD

(see note 1,4)

Frame duration 10 ms 10 ms
Slot Duration 0.5 ms 0.5 ms
Slot pattern periodicity 25 ms 5ms
Special slot “S" configuration Downlink | Guard period Uplink Downlink Guard period Uplink
(i.e., DL:GP:UL symbols) (note &)
) 4 4
10 2 2
4 6 4

Time base (see note 3)

UTC (see note 2) + Offset +/- 1.5 ps

UTC (see note 2) + Offset +/- 1.5 ps

Mote 1: D = downlink slot; S = special slot; U = Uplink slot






A. Defined preferred and alternate frame configuration/s between licensees
(with flexibility to be update preferred and alternate frame configurations in the future).

B. Interference mitigation based on a notification system between co-
licensees locally and nationally.





Backup





LTE and NR Frame alignment

LTE UL/DL config. 2 “DSUDDDSUDD"
{31 DLAUL ratic)
(15 KHE 5CS)
LTE half frame (Sms)

S=102:2
[special subirame config. 7}

5G-NR Frame “DDDSUUDDDD"
MR slot farmat 44
{3:1 DUILIL ratio)
(30 kHz BCS)

Figure 8: Variant 1 - Synchronised operation of 5G-NR ("DDDSUUDDDD" frame)
and LTE-TDD (“DSUDD" frame)

LTE UL/DL config. 2 “DSUDDOSUDD™
{21 DLUL ratio)
(15 kHz SCS)

LTE hall frame

PO sl gUTE sl TR Wi FUTE i ¥LTE o HLTE ke TR S LT kYUY s LT i
| ttesfo [ 17esFq | utesFr2 | 1tesFa | 17esFa |

[ o T <N o [ o | [ [T1 [ |
S=10:32
($pecial subframe config. T)

3ms frame siart offsed (3 subframes laber)

R ik A o I i 31O it 2T MOR ko 3 A ik Y Ol IO ol IR b A Ay

. MBEFQ I MBEEi__{__MRSEZ I _MWRSE3 | __WRSE4___}
| I e . [
5= 6.4
MR Frame “DDDDDDDSUU" (WR siat format 44)

MR slot format 44
31 DLIUL ratio)
(30 kM2 SCS)

Figure 9: Variant 2 - Synchronised operation of 5G-NR (“DDDDDDDSUU™ frame)
and LTE-TDD (“DSUDD" frame)





1. Acommon phase clock reference (e.g. UTC — Coordinated
Universal Time) and its accuracy.

2. Frame Structure considerations :-
a. Selection of a timing reference (beginning of the frame) fandocation of the

measurement point in the base station equipment]

Selection of a frame format

Selection of Sub Carrier Spacing (SCS)
Selection of normal or extended prefix
Selection of a special slot configuration

©c oo o

L https://www.gsma.com/spectrum/wp-content/uploads/2020/04/3.5-GHz-5G-TDD-Synchronisation.pdf





Frame format: Pattern of slots of Uplink, Downlink, and Special Slots within a TDD frame

3GPP Nomenclature example:
DDDSUUDDDD (D = Downlink, U = Uplink, S= Special Slot)

CBRS Alliance Frame formats (for 5G NR)

UL:DL ratio Slot Number
0|12 1|3 |45 718191011112 /13 /14|15 16|17 | 18| 19
4:5 DI(DID|S|U|JU|JU|U D |D|D D D |S U U U U D D
2:7 D/D/D|S|U|lU|D|D|/D|D|D |D |D |S u |u|D | DD |D

(D = Downlink, U = Uplink, F= Special Slot)

Aligns with
«— UK/GSMA
recommendation





TDD Parameters — Special Slot config

Special Slot is a pattern of symbol periods within each special slot.
 Allows for all uplink transmissions from multiple UEs to arrive at the same time at the base station, as is required
+ Allows time for the UEs to switch from downlink to uplink

« Example: (using CBRS Alliance frame format nomenclature)

DD[ELJUDDDDDDDSUUDDDD &frame format

NRSymeI‘D 11234 |5|6|7|8|9|10)11(12(13
UL-DL pattern GlglGgl|a <~ NR-TDD Subframe ‘S’ Symbol Pattern

This is a “6:4:4” special slot configuration (6 downlink symbols, 4 guard symbols, and 4 uplink symbols)

Reference: Figure 1 of CBRS Coexistence Technical Specifications, CBRSA-TS-2001, V3.0.0, 18 Feb 2020
https://www.cbrsalliance.org/wp-content/uploads/2020/02/CBRSA-TS-2001-V3.0.0_Approved-for-publication.pdf
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Synchronization and Interference Scenarios

Synchronized Semi-Synchronized Unsynchronized

| BTS DL- UEDL BTS DL- BTS UL

Aggressor Victim Aggressor Victim

(¢p)) \» A (o) -===tt—
A \% q A A \% %/’ A

UE UL- BTS UL UE UL- UEDL

Aggressor Victim Aggressor Victim

), L @, i
Algle A Agig A
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SCS: Subcarrier Spacing

Other NR bands in other Regions
TDD Frame configurations based on operator agreements

« Japan:

*  n4l/n77/n78/n79: LTE DSUDD and NR SCS=30 kHz : DDDSUU DDDD, “
S=6DL 4G 4UL

3.3GHz 4.2 GHz

* n257 SCS=120 kHz DDDSU, S=10DL 2G 2UL
* Local 5G operators can have an alternative pattern where DL slots can be m m
Changed to UL 3.3GHz 3.8 GHz 4.4GHz 5GHz

n79 SCS=30 kHz DDDSUU DSUU
n257 SCS=120 kHz DDSUU

. Korea:
. n78 SCS=30 kHz : DDDSU, S=10DL 2G 2UL
. n257 SCS=120 kHz DDDSU, S=10DL 2G 2UL

Mostly single TDD Frame

configuration with time

* China: o .
synchronization requirements

* n4lLTE DDDSU , S=9D+3G+2U (shifted 3 slots) and NR SCS=30 kHz
DDDDDDDSUU, S=4DL 6G 4UL

* n78 DDDSU DDSUU , S=10DL 2G 2UL
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C-Band Overview

C-Band

Targeted for 5G deployments with n77

3GPP does have predefined TDD frame configurations
for NR

Each BTS could technically have its own TDD frame
configuration which could vary dynamically

Numerology employed for mid-bands is typically 30
kHz vs 15 kHz used in LTE

Outdoor deployments are expected to leverage beam
formed access

Higher EIRP transmissions could potentially cause
intra C-band and C-band to CBRS interference

© 2020 Nokia

Flexible-Use Licenses Post-Transition FSS

Ai|Az |As| A4 |As | By B2 |Ba|Ba|Bs|Ci|Cz|Ca|Ca

Fss

Guard Band

3.8 GHz 3.9 GHz 3.98 GHz 4.0 GHz 42 GHz

. Base Station Power Limits:

1640 watts/MHz EIRP which translates to
62dBm/MHz, 75 dBm/20MHz, 82 dBm/100MHz

3280 watts/MHz EIRP (Rural) which translates to
65dBm/MHz , 78 dBm/20MHz, 85 dBm/100MHz
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CBRS Band Overview

CBRS band
*  RAT not limited to 3GPP LTE and NR, ie, proprietary 8 Air interfaces registered within WINNF for
radio interfaces are being deployed in the band operation in CBRS band:
* No synchronization requirements in FCC part 96 or as * One for test purposes (CW)
part of WINNF - 2 are 3GPP based : EUTRA and NR
Category B EIRP limited to 47dBm/10 MHz * 6 others ranging from WiMax based to IEEE
« FCC Part 96 does not provide adjacent band protection 802.16e, to IEEE 802.11 and LTE TDD
requirements for PAL and GAA, i.e., there is no compatible with proprietary extensions

5

requirement to synchronize TDD configurations

2-Use Licenses Post-Transition FSS
CBRS Band B2 (Bs |Bu|Bs| C: | . | Cs [ . E FSS
3.55 GHz 3.7 GHz 3.8 GHz 3.8 GHz 3.98 GHz 4.0 GHz 4.2 GHz

© 2020 Nokia NOKIA





CBSD: Citizens Broadband Radio

CBRS - C-Band: Synchronized TDD configuration ervice pevice

FCC March R&O stated: “We encourage parties explore synchronization of TDD operations to minimize
interference between these adjacent services.”

« Considerations on synchronized TDD operation:

+ CBRS deployments are not limited to 3GPP LTE and NR, i.e., proprietary radio interfaces are being deployed in the
band

*  No synchronization requirements in FCC part 96 or as part of WINNF

+ CBRS-Alliance (CBRS-A) imposes mandatory synchronization requirements and attempts to harmonize TDD frame
configurations to minimize cross link interference within LTE/NR deployments.

»  The mandatory TDD frame configurations in CBRS-A are LTE TDD configuration 1 and LTE TDD configuration 2 and
hence one of these two could be imposed in in areas where CBSD interference impacts are expected

* Note that the mandatory CBRS-A TDD frame configuration can change based on the requests of the deployed CBDSs in
an area

In the best case C-Band and CBRS 3GPP RAT could coexist with minimized interference impacts
C-Band impacts to non 3GPP RAT are unknown

6 © 2020 Nokia NOKIA





SSB: Synchronization Signal Block

CBRS — C-Band: Synchronized TDD configuration

« Aligning with CBRS-A synch requirements and LTE TDD
configurations could imply:

How to harmonize C-Band
deployment TDD Frame
Configuration in this scenario?

. Potential impact to a number of SSB beams allowed in C-Band , i.e., “A’) ((A:)
potentially reduced coverage (Timing offsets to be explored to ClerdiTss SCLEEE A
mitigate this) A @
G . ()
«  Less flexibility in the use cases supported due to for example radio (‘K) A

CBRS-A Connected Set #2

interface round trip times
LTE TDD Frame Configuration 2

+  Single static TDD frame configuration for the whole C-Band and
CBRS-A (or only edge of C-band and CBRS-A alignment?) o e
. Note: C-Band BTS could be neighboring two different CBRS-A
connected sets both with different TDD mandated configurations. For
harmonized synched TDD operation C-Band BTS would have to be
included in connected sets

Flexibility and performance of the C-band should not be hindered. Rather interference mitigation and deployment
coordination methods should be explored.

Aligned TDD frame configurations may not be the ideal solution. However, synchronized networks between CBRS band and
C-band may aid in reduction of Cross Link Interference (FFS).

NOKIA
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CPAS: Coordinated Periodic Activities

CBRS — C-Band Interference aspects among SASes (CPAS)

FCC R&O states :the advanced SAS spectrum management capabilities of the SAS should allow flexibility to
access different channels in any location that might be near a high powered 3.7GHz Service tower or make
opportunistic use of different channels in the area”

 But how does a CBSD determine the source of interference is from C-Band BTS vs from within the CBRS
band?

«  Depending on gNB beam patterns and user location interference patterns generated by a C-Band BTS can vary significantly
* Interference could be perceived as flashlight effect or more of a steady state interference

« Impact from C-band could be across the CBRS band. Value of requesting a new grant considering possible wait time (next
CPAS window) to be operational again?

* Impact from C-Band interference could be performance degradation or even UL blocking
* UL blocking cases are easier to tackle with assistance from SAS knowledge

Further Study required on how to determine the source of interference for efficient

interference mitigation

8 © 2020 Nokia NOKIA
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C-Band BTS#1

How to harmonize C-Band
deployment TDD Frame
Configuration in this scenario?

C-Band BTS#2

|

i
1
1

CBRS-A Connected Set #1
LTE TDD Frame Configuration O

CBRS-A Connected Set #2
LTE TDD Frame Configuration 2
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Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

9. Appendix E: TWG4 Meeting Minutes

This appendix contains the meeting minutes from the TWG4 meetings.

a. 6-5-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 6/5/2020, 1:30pm, Eastern Time

ACTIONS

e Members should volunteer to carry out required tasks for the working group. See “Volunteers
for analysis” section below

e Existing Volunteers can begin work on their duties.

e Co-chairs to provide clarification on in/out of scope status of several items listed below in
“Proposed additions to SoW Areas of concern” section. The items are in [square brackets]

e Co-Chairs: schedule next meeting Friday at 1:30 — 2:30 pm, Eastern Time.

REPRESENTED ON THE CALL
AT&T

CCA

Charter

Comcast
Commscope

CTIA

Ericsson

Federated Wireless
NCTA

Nokia

Qualcomm
Samsung

T-Mobile

US Cellular

Verizon

Viaero
Windstream
WISPA
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Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

PUBLISHED AGENDA:

e Roll call
e FCC Quiet Period Statement
e Agenda review and co-chair comments
e Administrative:
o e-mail management (Google Groups)
o Document review & markup
e Statement of Work Review and comments
o Agreement on Areas of concern
o Comments / suggestions for modifications to SoW
e Overview of the coexistence issues, Navin from Nokia.
e Next Steps
o further comments
o volunteers for performing analysis
Any other business

ATTACHMENTS TO THE PUBLISHED AGENDA:

e C-Band TWG4 SoW version 1.0.docx

NOTES
e Email Management. Our distribution list e-mail address for the working group is
FCC-C-Band-TWG4@googlegroups.com

o When you send an e-mail to this address, it automatically prefixes the e-mail subject

with [FCC C-Band TWG4]

o The e-mail footer has a link to view all the communications/members of the group on a

web interface. It also has an unsubscribe link.

e Document review method. Document review and markup will be via e-mail unless unsustainable

or we find a better way

o Review of SoW “Areas of Concern”. General agreement on the existing “Areas of concern” items
on the SoW v1.0. We will clarify certain language in the SoW, as requested by members.
e Proposed additions to SoW Areas of concern” Members raised possibility of adding additional

“areas of concern” for this group to study.

Co-chairs to take this under advisement and concern to what extent seeking FCC advice is
relevant. Co-chairs to consider the various comments from the group on these prospective

“areas of concern”:

l. [Potential for negative impact on CBRS’ Environmental Sensing Capability (ESC) system

by C-Band transmissions]

1. [Interaction and potential disruption between C-Band service and CBRS band’s

incumbents — esp. the FSS ES]
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Il. [Impact of CBRS band radar systems to C-Band Operations]

The co-chairs will revert with clarity on which of the three [square bracketed] sub-items will be
within the scope of this TWG

Beyond the assertions about what is in/out of scope of the group, Masoud noted that the CBRS
SAS does not monitor inbound interference to the incumbent tier operations.

e Volunteers for analysis. We need volunteers to perform portions of the work for this TWG.
Please e-mail your willingness to the co-chairs: peter.tenerelli@verizon.com (Pete Tenerelli) and
PJ.Jayawardene@charter.com (PJ Jayawardene). The volunteers listed below will solicit
feedback/input from the members of the TWG wherever possible in performing their analyses.

Here are the slots that need immediate attention:

e SoW Section 2 Define coexistence use cases
o Notes: Cameron proposes to start with a matrix of cases where interaction could
occur between the C-Band and CBRS services.
o Volunteers: Cameron Gillis c.gillis@sea.samsung.com and Shahzad Bashir
shahzad.bashir6 @t-mobile.com
e SoW section 3. Quantifying the impacts of the areas of concern.
First steps
o Determine realistic/reasonable equipment specifications/operational parameters
and filter characteristics, etc.
o ldentify existing mechanisms creating intra-band interference and governing
parameters

o ldentify existing interference mitigation techniques and governing parameters
o Volunteers: Navin Hathiramani navin.hathiramani@nokia.com, Ramneek Bali
Ramneek.Bali@charter.com

Second steps
o Using the first steps above, perform deterministic and statistical analyses for the
agreed-upon use cases in the areas of:

= Asynchronous TDD operation. Volunteers: Ramneek Bali
(Ramneek.Bali@charter.com) We need additional volunteer(s)

= Qut of band emissions. Volunteers: Ramneek Bali
(Ramneek.Bali@charter.com) We need additional volunteer(s)

= Receiver overload and co-location. Volunteers: Ramneek Bali
(Ramneek.Bali@charter.com) We need additional volunteer(s)

= Non-3GPP solutions. Volunteers: TBD

e SoW section 4a. Evaluate lessons learnt from global TDD deployments and their efficacy
in the US. Volunteers: TBD
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)

Page 47 of 111


mailto:PJ.Jayawardene@charter.com
mailto:peter.tenerelli@verizon.com

Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

b. 6-12-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 6/12/2020, 1:30pm, Eastern Time

ACTIONS

e Members should comment on the Draft Use Cases document circulated by Cameron Gillis

e Request members volunteer to carry out required tasks for the working group. See Table below
for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e Next meeting Friday June 19t 1:30 — 2:30 pm, Eastern Time.

REPRESENTED ON THE CALL

AT&T
Charter
Comcast
Commscope
CTIA
Ericsson
Federated Wireless
GCl

Google
NCTA

Nokia
T-Mobile

US Cellular
Verizon
Windstream
WISPA
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Report Date: October 06, 2020

PUBLISHED AGENDA:
e Roll call
e FCC Quiet Period Statement
e Agenda review and co-chair comments
e Progress recap

o Scope/ SoW agreement
o Scope/ SoW changes since last week. Clarifications, proposed additions.
e Open Actions from last week
o Volunteers. We need volunteers to perform some of the work.
e Presentation on C-Band / CBRS coexistence considerations.
e Review of Use case definitions
o Next Steps
o Volunteers for performing analysis
o Choosing next meeting interval
e Any other business

ATTACHMENTS:

e Nokia C-Band -CBRS TDD synch.pdf
e (C-Band TWG4 SoW version 1.4.docx

MEETING NOTES

e TWG Scope. Co-Chairs presented disposition of the proposed scope additions, listed below. The
current version of the Statement of Work is version 1.4 (attached).

o Include Potential for negative impact on CBRS’ Environmental Sensing Capability (ESC)
system by C-Band transmissions

o Exclude Interaction and potential disruption between C-Band service and CBRS band’s
incumbents — esp. the FSS ES

o Exclude Impact of CBRS band radar systems to C-Band Operations

e Navin Hathiramani gave a presentation on CBRS / C-Band considerations and prevailing
circumstances. See attached.

e Google, Federated Wireless and Commscope to work on the potential impacts from C-Band to
the CBRS’ ESC system

e Subsequent discussion was that most CBRS deployments today are non-3GPP and that sync
methods within CBRS are under study by the WinnForum.

e Cameron Gillis made a brief introduction the team’s work on to the Coexistence Use Cases task.
Cameron has circulated the document for comments via email. Shahzad Bashir and Andy Clegg
collaborated on the development of this deliverable.

e Ongoing and near-term work efforts. See table below.
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Cameron Gillis

c.gillis@sea.samsung.com

1 Define coexistence use cases Shahzad Bashir shahzad.bashir6 @t-
mobile.com
e Determine realistic/reasonable
equipment
specifications/operational
parameters and filter Ramneek Bali
characteristics, etc. Ramneek.Bali@charter.com
2 o Identify existing mechanisms )
creating intra-band interference Need additional volunteers

and governing parameters

e Identify existing interference
mitigation techniques and
governing parameters

Evaluate lessons learnt from global TDD
Need volunteers

3 deployments and their efficacy in the .
us
Perform deterministic and statistical
4 analyses for the agreed-upon use cases - .
in the areas of:
. Ramneek Bali 12
4a Asynchronous TDD operation Ramneek.Bali@charter.com
. Ramneek Bali 1,2
b Out of band emissions Ramneek.Bali@charter.com
4c Receiver overload and co-location Ramneek Bali 1,2

Ramneek.Bali@charter.com

4d Non-3GPP solutions Need volunteers 1,2
Mark Gibson
Examine potential for negative impact  1y,gibson@comsearch.com
5 on CBRS’ Environmental Sensing Masoud Olfat
Capability (ESC) system by C-Band masoud.olfat@federatedwireless.com
transmissions Andy Clegq
aclegg@google.com
END.
Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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C. 6-19-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 6/19/2020, 1:30pm, Eastern Time

ACTIONS

e  Members should comment on the revised use cases document circulated by Cameron Gillis. We
want to identify the high priority use cases by next week.

e Google/Federated/WISPA to provide details of TDD sync between 3GPP and non-3GPP
deployments during next meeting.

e Request members volunteer to carry out required tasks for the working group. See Table below
for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e Next meeting Friday June 26 1:30 — 2:30 pm, Eastern Time. Meeting cancelled on July 3™ 2020.

TODAY’S MEETING

e Use Cases. Cameron Gillis presented the use cases in more detail. The team discussed
them. Members to further comment by e-mail.
e Use cases discussion. We discussed the following items (See e-mails from Cameron
Gillis for full details)
o Consider beam forming and power based classification in the radio categories
o Consider single and aggregate interference impacts
o Include revision tracking on the use case spreadsheet
¢ Non-3GPP deployments. Andy said that more than 50% of current CBRS deployments
are non-3GPP. Masoud said that some of these non-3GPP deployments have the
possibility of synchronizing with 3GPP TDD systems. Potentially, this represents a partial
solution. Additional work being done by the SAS administrators in WiNN-F on developing
a mechanism whereby TDD information from non-3GPP air interfaces can be exchanged.
More details to follow next week
¢ Protection of CBRS ESC’s. Impact to ESC from C-Band operation studies being
conducted in WiNN-F, and SAS administrators to report back to TWG 4 on progress and
results. The team further decided that ESC protections would be analyzed separately

from the use cases
e Topics for next meeting
o Lock down use case priority list
o Information exchange on non-3GPP solution that has the ability to sync with
LTE/NR
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REPRESENTED ON THE CALL
CCA Charter Comcast Commscope
CTIA Ericsson Federated Wireless Google
Nokia Qualcomm Samsung T-Mobile
US Cellular Verizon Windstream WISPA
PUBLISHED AGENDA:
e Rollcall
e FCC Quiet Period Statement
e Agenda review and co-chair comments
e Progress recap

o Cameron Gillis presented draft use case definitions last week.
e Open Actions from last week
o Volunteers. We need volunteers to perform some of the work.

Cameron Gillis

c.gillis@sea.samsung.com .

1 Define coexistence use cases Shahzad Bashir shahzad.bashir6 @t-
mobile.com
e Determine realistic/reasonable
equipment
specifications/operational
parameters and filter Ramneek Bali
characteristics, etc Ramneek.Bali@charter.com
2 o |dentify existing mechanisms )
creating intra-band interference Need additional volunteers

and governing parameters

e Identify existing interference
mitigation techniques and
governing parameters

Evaluate lessons learnt from global TDD
Need volunteers

3 deployments and their efficacy in the .
us
Perform deterministic and statistical

4 analyses for the agreed-upon use cases - B

in the areas of:

Page 52 of 111


mailto:c.gillis@sea.samsung.com
mailto:shahzad.bashir6@t-mobile.com
mailto:shahzad.bashir6@t-mobile.com
mailto:Ramneek.Bali@charter.com

Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

4a Asynchronous TDD operation
4b Out of band emissions
4c Receiver overload and co-location
4d Non-3GPP solutions
Examine potential for negative impact
5 on CBRS’ Environmental Sensing
Capability (ESC) system by C-Band
transmissions
END.
Sincerely,

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need volunteers 1,2
Mark Gibson

mgibson@comsearch.com
Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Cleqg
aclegg@google.com

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).

peter.tenerelli@verizon.com (Pete Tenerelli)

FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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d. 6-26-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 6/26/2020, 1:30pm, Eastern Time

ACTIONS

e Masoud to send e-mail update on non-3GPP access solution that can achieve TDD sync with
LTE/NR. We expect this will partially address the many non-3GPP technology deployments
currently in the CBRS band. To be used for further group discussion.

e Cameron to send updated use case list with the expanded pivot table showing the permutations
within the high-priority use cases

e PJand Pete to discuss and provide distilled list of use cases for the group's review, we will then
lock down the list of permutations for analysis. Discussion to be done over email in lieu of the
time off around the 4th of July holiday

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday July 10" 1:30 — 2:30 pm, Eastern Time. Meeting cancelled on July 3™
2020.

TODAY’S MEETING

e Timeline for TWGA4. Update from co-chairs: We will need to have our deliverables locked
down and submitted to FCC in September. Pete and PJ will provide a timeline during the
course of next week.

e Use Cases. Cameron Gillis led discussion of use cases in more detail. We agreed on 5
high-priority use cases, and to start with the analysis on 1 permutation (minimum) per
use case.

We discussed that some of the multitude of possible use case combinations will be
reduced by the nature of the use case. For example, certain environment types will use
only one type of antenna.

e Topics for next meeting

o Use of TDD sync between 3GPP & non-3GPP technologies
o TWG timelines

REPRESENTED ON THE CALL
CCA Charter Commscope CTIA
Ericsson Federated Wireless Google NCTA
Nokia Samsung T-Mobile US Cellular
Verizon Windstream WISPA
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PUBLISHED AGENDA:
e Roll call
e FCC Quiet Period Statement
e Agenda review and co-chair comments
e Progress recap

o Last week: Review / discussion of Use Case definitions / priority
o Last-week: Brief discussion of non-3GPP prevalence in CBRS band & TDD sync
possibilities
o Last-week: Brief discussion of CBRS ESC protection analysis in Winnforum
e Open Actions from last week
o Volunteers. We need volunteers to perform some of the work.
e TODAY’'S MEETING
o Lock down use case priority list
o Information exchange on non-3GPP solution that has the ability to sync with
LTE/NR
o Next Steps
o Volunteers for performing analysis
o Next topics for discussion
e Any other business

Notes:
e Current SoW version is version 1.4

e}

VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Defi ist
€lin€ coexistence use cases Shahzad Bashir shahzad.bashir6 @t-

mobile.com
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e Determine realistic/reasonable
equipment
specifications/operational
parameters and filter
characteristics, etc

2 e Identify existing mechanisms
creating intra-band interference
and governing parameters

e Identify existing interference
mitigation techniques and
governing parameters

Evaluate lessons learnt from global TDD

3 deployments and their efficacy in the

us

Perform deterministic and statistical

4 analyses for the agreed-upon use cases

in the areas of:

4a Asynchronous TDD operation

4b Out of band emissions

4c Receiver overload and co-location

4d Non-3GPP solutions

Examine potential for negative impact

5 on CBRS’ Environmental Sensing

Capability (ESC) system by C-Band

transmissions
END.
Sincerely,

Ramneek Bali
Ramneek.Bali@charter.com

Need additional volunteers

Need volunteers

Ramneek Bali 1,2
Ramneek.Bali@charter.com
Ramneek Bali 1,2
Ramneek.Bali@charter.com
Ramneek Bali 1,2

Ramneek.Bali@charter.com

Need volunteers 1,2

Mark Gibson
mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Cleqgd
aclegg@google.com

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJJayawardene).

peter.tenerelli@verizon.com (Pete Tenerelli)

FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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e. 7-10-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 7/10/2020, 1:30pm, Eastern Time

ACTIONS

o Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
Reference: volunteer table below: Item 2 Determine realistic/reasonable equipment
specifications/operational parameters and filter characteristics, etc

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday July 17" 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

e Schedule for Completion of SoW. We discussed the large volume of work in the Working Group’s
Statement of Work and the need for volunteers. We reviewed a schedule working backwards from a
Oct 2" completion date:

Date Milestone

10-Jul  Lock down list of use cases
T-fug  SOWitem 3 [Quantifying the impacts of the areas of concemn] complets
28-Aug  S0OWitem 4 [Coexistence options] complete

4-Zep SOV item & [Coexistznce management and coordinstion) complets
. ~ ) } July August September
11-S2p SOW item § enforcement ofcosxistence] compiete
. 1 z| B 4 1 1 2 3 4 5
18-Sep Recommendations finalized and drafted s e 7| & 20|00 [ =] < 5| ¢ 7] & 8| H| 8] o|w|n|n
- . - . 1213141 1617 ] 18 2110]1 12|13 |14[15 1214 (1 16 (17| 18] 19
25-Zep  Final Review of recommendations 19 [0 o[22 || 22| 2s] [l e |20 22| [20] 2] 2]z e s o
20t TWIS Recommendations submitted to OET Dlojmlelals gz e Rt
October November
5 M T W T F 8 5 M T W T F 5
2 3 1 2 3 4 6 7
4 6 7 B a0 B afio] 12|13 | 14
Mz 451617 15|16 |17 |18 |19 | 20 [ 29
m C_E;r: auc-lcn 1|19 20|21 |22 23] 24 22| 23|24 25| H H |28
Discussion:

e We observed that the 5 high priority use cases still have 200+ permutations, an impractical task
given the time.

e To compress the scope, we proposed to analyze a subset of the use cases as illustrative examples
and take them through the remaining SoW milestone. No objections.

e Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
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e TDD Sync with Non-3GPP solutions. Masoud gave a presentation on this topic. Presentation
attached.

Discussion:

e Reviewed proposed methods of TDD alignment that a SAS could use to specify to a group of
CBSDs in a connected set. In some cases, a CBSD could opt out from the TDD alighment method
communicated by the SAS (e.g. indoor deployments)

e Reviewed CBRS TDD Uplink/Downlink configurations

e  Pre-requisite for non-3GPP solutions to TDD sync is to have the ability to modify the frame
structure. Currently no provision for SAS to apply a TDD sync for non-3GPP CBSDs, but possible
path forward exists.

e Cambium (for fixed wireless) is the biggest non-3GPP solution for Federated Wireless SAS,
(pending comments from other SAS providers if the statement holds true for their respective
solutions)

e Process to getting non-3GPP sync:

o Feasibility study. For Cambium done. For WiMAX, in progress. Other non-3GPP, unknown.

o Protocol development. Via CBRS Alliance Protocol and/or new Winnforum protocol

o Requires capability of non-3GPP operators and manufacturers to adjust TDD config.
Dynamically. Discussion ongoing.

o Reviewing possibility and requirement of opt-out by some CBSDs

e New Volunteers.
o Thank you to our new volunteers or those taking on additional responsibilities:
Masoud, Ariful, Raj.

¢ Topics for next meeting
o Review findings / recommendations of the Item 2 from the volunteer table Determine
realistic/reasonable equipment specifications/operational parameters and filter
characteristics, etc.

REPRESENTED ON THE CALL
CablelLabs CCA Charter Commscope
CTIA Ericsson Federated Wireless Midco
NCTA Nokia Qualcomm Samsung
T-Mobile US Cellular Verizon Windstream
WISPA

Notes:

e Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

3 Evaluate lessons learnt from global TDD Rai Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com
Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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f. 7-17-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 7/17/2020, 1:30pm, Eastern Time

ACTIONS

e Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
Reference: volunteer table below: Item 2 Determine realistic/reasonable equipment
specifications/operational parameters and filter characteristics, etc

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday July 24" 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING
e TDD Sync with Non-3GPP solutions. Following up on Masoud’s presentation on this topic last week...
Discussion:

e Inthe CBRS band, there are effectively two non-3GPP air interfaces operating, Cambium’s
technology (using a proprietary interface) and WiMAX technology. There are other vendors who
could, but have not, entered the CBRS market.

Required next steps include feasibility study (complete for Cambium, in-progress for WiMAX),
followed by protocol development by CBRS Alliance or Winnforum.

e Review findings / recommendations of Item 2 from the volunteer table: Determine
realistic/reasonable equipment specifications/operational parameters and filter characteristics, etc.

Discussion:

e Thus far, key parameters are based upon FCC/3GPP limits, for example for OOBE, transmitted
power.
e How to meet the mandate of the TWG to analyze with realistic equipment parameters, and
provide insights beyond already published analyses?
Possibilities include:
o Use information on the public record in the proceedings
o Consider equipment transmit / receive specs from operational 2.5 GHz band
o Use sensitivity analysis to compare the impact of different parameter values, relative to
regulatory limits.
e What are typical CPE powers by morphology type? Can SAS providers assist?
e Question about suitability of radio propagation model. We’ll consider a proposal for a different
one.
e Group to provide further conversation over e-mail
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e Topics for next meeting
o Review findings / recommendations of the Item 2 from the volunteer table Determine
realistic/reasonable equipment specifications/operational parameters and filter
characteristics, etc.

REPRESENTED ON TODAY’S CALL

Charter Comcast Commscope CTIA
Ericsson Federated Wireless Google NCTA
Nokia Samsung T-Mobile Verizon
Windstream WISPA

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2"¢ completion date:

Date Milestone

10-Jul  Lock down list of use cases

T-fug SO item 3 [Quantifying the impacts of the areas of concemn] complets
28-Aug  SOWitem 4 [Coexiste

4-Sep  S50OWitem 5 [Coexistence managernent and coordination] complets

nce options] complete

11-Sep  S0OWitem G [enforcement of coexistence] complete

1 2 H 4 1 1 2 4 3
18-Sep ecormmendations finalized and drafted SRR Tl 2 5| 51 7] & AR
= . - . 2] 13 16 [ 17 | 18 al10]1 12113 | 14|15 13141 16 |17 | 18 [ 19
25-Sep  Finsl Review of recommendstions ol == 2] = o7 e| 19| 2021 | 22 20|21 |22 | 25| 2¢ 25| 26
2-0ct  TW\S Recommendations submitted to OET Sl ;z e e e
October November

-] M T W T F 8 5 M T W T F 5

2 3 1 2 3 4 6 7

4 [] 7 8 9110 8 a1 1213 14

Ml12|13|1415]16 |17 1516171819 |20 21

m E_Esp: auc-.icn 18|19 z0| 21|22 23] 24 2223|2425 K H |28

Notes:
e Current SoW version is version 1.4

Page 62 of 111



Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

3 Evaluate lessons learnt from global TDD Rai Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com
Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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g. 7-24-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 7/24/2020, 1:30pm, Eastern Time

ACTIONS

Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
Reference: volunteer table below: Item 2 Determine realistic/reasonable equipment
specifications/operational parameters and filter characteristics, etc

ALL: We are seeking parameter values for analysis. Seeking alternate analysis methods based on
comments on this meeting. See Discussion section below.

Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

Existing Volunteers can continue working in their respective areas

ALL: Next meeting Friday July 31°* 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

Review findings / recommendations of Item 2 from the volunteer table: Determine
realistic/reasonable equipment specifications/operational parameters and filter characteristics, etc.

Discussion:

Latest version of the analysis parameters. Ramneek presented the latest version of the
parameters in an excel-based static calculator. He also distributed it to the group via e-mail.

o The end result in the spreadsheet is an isolation in dB and distance.

o Thus far, key parameters are based upon FCC/3GPP limits, for example for OOBE,
transmitted power. However, it is possible to change parameters values, see drop-down
lists in spreadsheet.

o The sub-group is seeking help with values for interference reductions due to
beamforming, transmitting at powers below the maximum allowed, and any other
mitigation techniques.

Applicability of the analysis. There was various discussions about the applicability of the analysis
underway:

o 3GPP Blocking Spec. Kumar stated that the 3GPP blocking spec used in our analysis is
meant for the certification of equipment, and is not related to network performance in
the field. He suggests rather that a capacity simulation is in order, calculating throughput
reductions. He raised the question of a similar interference problem within CBRS can
already occur between Cat A and Cat B CBSDs — asking when CBRS doesn’t have the TDD
alignment, should we impose these restrictions on an adjacent band (C-Band)?

o Caveating of findings. Cameron and others stated that any findings must be fully
caveated as to their limitations, applicability, gaps, and concerns.

o 6 dB interference spec. Gary stated that the 6 dB spec is an equipment testing spec, and
does not mean the receiver will get desensitized. He views this as a corner case and
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stated that the use of this value doesn’t indicate how frequently this situation could
occur. He contrasted our current analysis method with a standardized 3GPP method that
guantifies how often unacceptable degradation would occur in a given scenario. He said
that the 3GPP method assumes a synchronized TDD.

o Current set of parameter values. Navin states that the current set of parameter values
are suitable for worst-case.

o Monte Carlo simulations. Masoud asks about the set of assumptions/values to use for a
Monte Carlo simulation. Gary replies that the proper method is to parametrize the ACLR
and observe the throughput degradation as your vary ACLR. Then decide when the
degradation becomes unacceptable.

o  Co-chairs comments.

o Agree that results should be caveated.

o If the group has recommendation for alternate methods for performing the analysis,
please provide them

o Request that the first pass of the static analysis be presented next meeting

TOPICS FOR NEXT MEETING

o Review findings / recommendations of the Item 2 from the volunteer table Determine
realistic/reasonable equipment specifications/operational parameters and filter
characteristics, etc.

o Preview of global TDD deployments. (tentative or time-permitting)

REPRESENTED ON TODAY’S CALL

Cable Labs Charter Comcast Commscope
CTIA Ericsson Federated Wireless Google
Nokia Samsung T-Mobile Verizon
Windstream WISPA

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2" completion date:
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Date Milestone

10-Jul  Lock down list of use cases
T-fug  SOWitem 3 [Quantifying the impacts of the areas of concemn] complete

28-Aug  SO0Witem 4 [Coexistence options] complete

4-Sep S0OWitem 5 [Coexistence managernent and coordination] complete

- - R July August September
11-5ep SOWitem & [enforcement of coexistence] complete 80 0 ) W T R s 5 M T W TF s s M T W T F S
- . 1 2| H 4 1 1 2 3| 4| 5
18-5ep Recommendations finalized and drafted S e 7| =] <[00 [ =] < 5| ¢ 7] = s|n| 8] o|w|n|n
- - . - 12|13 14]15] 18] 17|18 1o 1213|1415 1314|1516 17| 18| 19
25-Sep Final Review of recommendations HNEIBEIEREEIE 16 |17 [ 181920 2 [ 20| 21 |22 23| 22 |25 26
2-0ct  TWG Recommendstions submitted to OET sl e R

October November
S M| T W T F 8 5§ M T W T F 8§
1l 2] 3 1| 2] 3] <] s] 8] 7
AEIEEIEERE BIEIEEEERE

iz 1sfef1s] e |17 1516|1718 19 20| =

m C-Band auction HEIEIBEEBEEE 2223|2425 H | H |28
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Notes:
e Current SoW version is version 1.4

VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>
Evaluate lessons learnt from global TDD - - i
3 Raj Sengupta <RSengupta@ctia.org>

deployments and their efficacy in the US
Perform deterministic and statistical
4 analyses for the agreed-upon use cases in -
the areas of:
Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

4b Out of band emissions

4c Receiver overload and co-location
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Mark Gibson
mgibson@comsearch.com

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)

Page 69 of 111


mailto:mgibson@comsearch.com
mailto:masoud.olfat@federatedwireless.com
mailto:PJ.Jayawardene@charter.com
mailto:peter.tenerelli@verizon.com
mailto:FCC-C-Band-TWG4@googlegroups.com

Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

h. 7-31-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 7/31/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: We are seeking further assistance and/or insights into existing TDD deployment
methods/parameters. Contact Raj to assist.

o Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
Reference: volunteer table below: Item 2 Determine realistic/reasonable equipment
specifications/operational parameters and filter characteristics, etc

e ALL: We are seeking parameter values for analysis. Seeking alternate analysis methods based on
comments at our July 24" meeting.

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday August 7™ 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

e A Preview of ltem 3 from the volunteer table: Evaluate lessons learnt from global TDD
deployments and their efficacy in the US
e Analysis Parameters work continues. We will return to this week of August 3™

Discussion:

e A preview of global TDD. Raj presented a draft of his research and analysis of mid-band TDD
deployments globally.

o Thus far, the survey includes eight 4G deployments and five 5G deployments (some still
to-be-deployed)

o The survey examined Allocated Band(s), License(e)s, Duplex Scheme, Guard Band Usage,
TDD Coordination Method. PJ requests that Raj include information on up/down ratios
and use cases.

o The networks are in the 2, 3, and 4 GHz bands, using TDD. Guard bands are not used
except in one 4G case. In 5G networks, operator coordination is the method of deciding
TDD parameters with the Chinese regulator involved in organizing the negotiations. In 4G
networks, there was more regulator involvement including three mandating a set of TDD
parameters.

o There were a few examples of allowed exceptions to the determined TDD parameter set.
Cameron, Manish asks for information on how those decisions were made.

o ITU work on this topic in nascent stage.
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o Separate, but related: CBRS Alliance agreed to begin a work item to study TDD sync of
non-3GPP and 3GPP networks.

TOPICS FOR NEXT MEETING

o Review findings / recommendations of the Item 2 from the volunteer table Determine
realistic/reasonable equipment specifications/operational parameters and filter
characteristics, etc.

REPRESENTED ON TODAY’S CALL

CCA Charter CTIA Ericsson
Federated Wireless Nokia Samsung T-Mobile
Verizon Windstream

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2"¢ completion date:

Date Milestone

10-Jul  Lock down list of use cases
T-fug SO item 3 [Quantifying the impacts of the areas of concemn] complets

28-Aug  SOWitem 4 [Coexistence options] complete

4-Sep  50Witem 5 [Coexistence managerent and coordination] complets

3 - 3 . July August September
1-5ep SOWitem 8 snforcemen of cosxistence] compete

. 2| H 4 1 2 3 4 5
18-Sep ecormmendations finalized and drafted 5] 6] 7| 8| o|0| 0 2] 3] 2| 5| 5[ 7] & s[H | 8| o 0|2
a5 - T e - — —al 121314151617 ] 18 afo] 12|13 14|15 1214 (1 16|17 | 18 [ 19
25-Sep Final Review of recommendations 19 20|21 22| 23|24 25 16| 17| 18] 19| 20| 21| 22 20| 21 |22 | 23| 24| 25| 26

2-0ct  TWG Recommendstions submitied to OET S e e e

October Neovember
S M T W T F s S M T W T F S
2| 3 HIEHEIREEE
af s| e| 7| 8 o]0 B| o|10f11]12]13]14
iz s fefas] e[ 7 15| 16|17 [1s]19 |20 ]2
m E_Esr: auc-_icn 18|19|w| | 22| 23|24 22|23 | 24| 25| H | H |28

Notes:
e Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)

Page 73 of 111


mailto:PJ.Jayawardene@charter.com
mailto:peter.tenerelli@verizon.com
mailto:FCC-C-Band-TWG4@googlegroups.com

Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

i. 8-7-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 8/7/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: We are seeking further assistance and/or insights into existing TDD deployment
methods/parameters. Contact Raj to assist.

o Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
Reference: volunteer table below: Item 2 Determine realistic/reasonable equipment
specifications/operational parameters and filter characteristics, etc

e Raj: Continue work on existing TDD deployment methods/parameters.

e ALL: We are seeking parameter values for analysis. Seeking alternate analysis methods based on
comments at our July 24" meeting.

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday August 14" 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

¢ Review findings / recommendations of Item 2 from the volunteer table: Determine
realistic/reasonable equipment specifications/operational parameters and filter characteristics, etc.

Discussion:

e Determine realistic/reasonable equipment specifications/operational parameters and filter
characteristics, etc. Ramneek and team review the latest analysis spreadsheet.

o We reviewed the static analysis that considers the worst-case scenarios, examining base
station to base station interference potential. The output of the analysis yields isolation
values in dB. A distance is also calculated, based on a radio propagation model.

o Thereis an “adjusted” value that uses a dB correction factor to account for the benefit
from the use of beamforming antennas. The value used in today’s presentation was 25
dB. The “adjusted” results are shown with a suffix of “_A".

o We focused on the C-Band to CBRS ACIR vs. Isolation chart and examined the isolation
distances required, specifically in the ACIR range of 35-40 dB.

=  We discussed how to use this data. Cameron suggested that we could use this
data to understand where bounds may exist. We discussed that the urban LOS
case was unlikely given the expected antenna heights and obstructions that tend
to exist in urban areas.

=  We discussed applicability of the use case. Including: vertically stacked tower
colocation would not apply to the analysis. On the other hand, a rooftop
colocation could have antennas pointing toward each other and use such an
analysis. Kumar stated that the peak gain of the data channel (~18-24 dB) is a
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stochastic event and does not happen all the time, and it was unclear what is the
effect out of band — he felt like the effects captured in the analysis were
pessimistic (e.g. more interference)
= Ramneek summarized that there is some isolation distance required in this

scenario for each of the propagation modes. Kumar suggested comparing the C-
Band interference to intra-CBRS interference to understand if the C-Band could
interfere more than already exists within CBRS.

o Currently, a Monte Carlo (statistical) toolset is not available.

TOPICS FOR NEXT MEETING

o Navin to present Nokia simulations CBRS / C-Band Coexistence
o Further Preview of global TDD deployments.

REPRESENTED ON TODAY’S CALL

Cable Labs Charter Comcast Commscope
CTIA Ericsson Google NCTA

Nokia Samsung T-Mobile US Cellular
Verizon Windstream

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2" completion date:

Date Milestone

10-Jul  Lock down list of use cases
T-fug  S0OWitem 3 [Quantifying the impacts of the areas of concemn] complets

28-Aug  S50Witem 4 [Coexistence options] complete

4-Zep SOV item & [Coexistznce management and coordinstion) complets
wp - . . July August September

1-52p  SOWitem § snforcement o cossistznce] compiste
. 2| K 4 1 1 2 3 4 5

18-Sep Recommendations finalized and drafted S e 7| =] <[00 [ =] < 5| < 7] = o|n| 8] o|w|n|n

A - - ¢ _ _ o 12113[14]1 16|17 ] 18 9l10]|1 12113 | 14|15 13141 16|17 | 18 [ 19

25-Sep  Final Review of recommendations HEIBEIEREBRE 16 17 [1e e 20 21|22 20|21 [22]23| 24|25 26

2.0ct  TWS Recommendstions submitted to QET zlajal=lals R =L

October November
S M T W T F s S M T W T F 5
2| 3 1] 2| 3[ ¢ 6| 7
4 HIEEEE s| ofw[n]iz]3]a
iz isfaf1s] e |17 15|16 |17 1819|2021
m C-Band auction ie| 19| 2021 [22] 23 24 22| 23|24[25|H | H |28

Notes:
e  Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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j. 8-14-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 8/14/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: We are seeking further assistance and/or insights into existing TDD deployment
methods/parameters. Contact Raj to assist.

o Ramneek, Masoud, Ariful, and Raj to recommend parameters for the group’s consideration.
Reference: volunteer table below: Item 2 Determine realistic/reasonable equipment
specifications/operational parameters and filter characteristics, etc

e Raj: Continue work on existing TDD deployment methods/parameters.

e ALL: We are seeking parameter values for analysis. Seeking alternate analysis methods based on
comments at our July 24" meeting.

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday August 21°* 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

e C-Band / CBRS Coexistence: Dynamic Simulation Results. Presented by Luca Rose, Nokia Bell Labs

Discussion:

e C-Band Performance Impacts to CBRS: Dynamic Simulation Results. Luca Rose presented the
simulation outcomes.

e Scenarios: Analysis examined three scenarios using different amounts of synchronization.
o Worst case scenario simulations
o CBRS and C-Band always had traffic to send-- “full buffer” transmissions

Scenario CBRS CBRS C-Band C-Band T
Downlinkd, Uplink4® DownlinkJ, Uplinkf
0,
Un:sly(l)r?cﬁed 0% 100% 100% 0% Won't occur in .the field, provides
boundary condition.
TDD
Semi-
Synched 70% 30% 30% 70% 50% probability of frame collision
TDD
Fully
Synced 70% 30% 70% 30% Co-sited BSs. Vertical separation 5m
TDD

e Scenario Variables: In each scenario, the analysis examined the impact of:
o Varying ACIR (Adjacent Channel Interference Ratio) {46 dB, 58 dB}
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o Varying distance between CBRS and C-Band sites {100m, 300m}. Note: Co-sited, fully
synched scenario used a 5m vertical separation.

Baseline case was also included for comparison: Only CBRS is operating (no C-Band
transmissions).
e Analysis Outputs:
o CBRS Throughput impacts (uplink, downlink)
o Packet loss at cell-center and cell-edge
e Conclusions:
o CBRS Downlink not degraded in any scenario, rather degradation appears in CBRS uplink
in the absence of full synchronization.

Degradation on CBRS Uplink Throughput relative to (CBRS-only) Baseline.
Per {ACIR, CBRS/C-Band BS Separation}

{58 dB,100m} & {46 {46 dB,100m}
dB,300m}

Fully Slight degradation. “12 dB ACIR  Substantial degradation:
Unsynchronized: buys you 200m or vice versa”

Semi- . Slight degradation: “12 dB ACIR  Substantial degradation:
. No degradation . w
Synchronized: buys you 200m or vice versa

Fully
synchronized, No degradation rel. to baseline for both 46 dB and 58 dB ACIR
Co-sited:

{58 dB,300m}

Minimal degradation

e Questions/Clarifications.

o Interference limited system in this analysis with intra-system ISD of 500 m

o Throughput more meaningful metric than interference level

o Q: Sensitivity of the vertical separation distance in the co-sited analysis. A: Luca expects
that the CBRS and C-Band BSs could be closer, but only with sync.

o Q:Inthe semi-sync case, isn’t there still UE to UE interference? A: Yes, however the rate
of occurrence is low. Part of the reason for the low amount of UE to UE interference is
the benefit given by power control.

o Q: Sensitivity to antenna height in the analysis. A: (Luca) doesn’t expect that this will
have a noticeable impact on the results. The height is most influential in determining the
Probability (LOS, NLOS)

o Q: Sensitivity of the C-Band EIRP? In the analysis, EIRP is 5 dB below the maximum
permitted in the FCC rules. A: (Luca) don’t expect much impact with 5 dB higher radiated
power. Also, the 500m ISD scenarios are interference limited, where maximum transmit
powers would not be used.

o Q: Regarding the semi-sync scenario. In the conclusion, it says that 46 dB ACIR and 300m
is sufficient protection. In the literature, I've seen 25-30 dB ACIR considered to be
acceptable. Is 46 dB realistic? A: Yes, 46 dB is realistic. We are familiar with CBRS
performance; the CBRS Adjacent Channel Selectivity (ACS) is the limiting factor.

o Q: bandwidth of C-Band signals. A: 20 MHz. Revised presentation to follow and will
update this information.

TOPICS FOR NEXT MEETING
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o Interference analysis for synchronized TDD operation
o (tentative) Further Preview of global TDD deployments.

Report Date: October 06, 2020

REPRESENTED ON TODAY’S CALL

AT&T Cable Labs Charter Comcast
Commescope CTIA Ericsson Federated Wireless
Google NCTA Nokia Samsung

T-Mobile US Cellular Verizon Windstream

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2"¢ completion date:

Date

Milestone

10-Jul
T-Aug
28-Aug
4-Sep
11-5ep
18-Sep
25-Sep
2-Oet

Lock down list of use cases
SO item 2 [Quantifying the impacts of the areas of concemn] complets
S0 item 4 [Coexistence options] complete
SOW item & [Coexistence managernent and coordination] complete
S0%W item G [enforcement of coexistence] complate

ecormmendations finalized and drafted
Final Review of recommeandsations
TW3G Recommendstions submitted to OE

m C-Band auction

HEEEIEAEE 1214|1516 |17 |18 19

EIEIEIEIE 27|28 |29 ] 30

18(19]z20|21

Notes:

e Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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k. 8-21-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 8/21/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: We are seeking further assistance and/or insights into existing TDD deployment
methods/parameters. Contact Raj to assist.

e Raj: Continue work on existing TDD deployment methods/parameters.

e Pete/PJ: Draft TWG4 deliverable framework.

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday August 28" 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

e Change of direction for this TWG4. Details below.
e Can TDD synchronization help reduce interference between CBRS/C-Band? Details below
e Measurements in an unsynchronized TDD CBRS Network. By Mark Poletti, Cable Labs. Details below.

e Change of direction for this TWG4

Our self-imposed deadline of Oct 2™, 2020 is fast approaching and this warrants a change in direction for
the working group. In order to achieve as many Statement of Work (SoW) items as possible, we will shift
from the analysis of work on Quantifying the impacts of the areas of concern (including calculating
amounts of interference and required isolation).

We will shift our focus toward a deliverable to address work done thus far. In parallel, we will examine
the remaining items on the SoW (attached):

o #4 Coexistence Options

o #5 Coexistence Management and Coordination

o #6 Enforcement of Coexistence Practices

The deliverable (report) can be described very generically as a list of what we agree upon and what we
don’t. We will work toward identifying areas of agreement. When we cannot reach agreement on a
certain item, we will try to find a more general position where agreement might be possible.

We will insert findings/decisions from the work already done in the working group.

During the week of 8/24-8/28/20, we will draft a framework for the deliverable for review by the group.
e Can TDD synchronization help reduce interference between CBRS/C-Band?
We asked this question to the group in order to tee up this important topic for the TWG. We have general

consensus that TDD Synchronization could help reduce interference between the bands. Some discussion
followed:
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e Shahzad described TMOQ’s (Sprint’s) experience with TDD in the 2.5 GHz band stating that
unsynched operation in adjacent channels tended to be problematic, while operation with
further spectral separation tended to be less of a problem. He suggested mitigations that are
useful include separation distance, spectral separation (although not for blocking), antenna
pointing, and beamforming.

e We discussed the pros and cons of solving/preventing interference by disclosing base station
locations or TDD sync parameters of the respective licensees. We discussed that either option
reveals something about the licensee’s business strategy, to varying degrees.

Shahzad stated that knowledge of each other’s base stations could accelerate resolution of an
interference problem. Joe stated that the complexities of multiple companies deploying in
multiple bands would be better served by aligning on the TDD parameters in advance.

e PJraised the idea of an interference coordination framework. Perhaps there would be an entity
to contact?

e Rajdiscussed TDD sync in the UK, saying that they have a default configuration and a semi-
synchronized option.

e Measurements in an unsynchronized TDD CBRS Network.
Mark Poletti presented results from a measurement campaign that assessed performance within an
unsynchronized TDD CBRS Network.

e Llayout:
o 1xVictim CBSD outdoor
o 4x Aggressor CBSDs indoors
o 3x Aggressor CBRS UEs indoor
o  1x Victim CBRS UE indoor
e Scenario Variables: In the measurements and processing, the analysis examined the impact of:
o Synch’d vs Unsynch’d: {Aggressor & Victim TDD 0, Aggressor TDD2/Victim TDD 0}
o Varying distance between the victim and aggressor
= |ndoor to Indoor {0.5, 10, 20m}
* Indoor to Outdoor {4, 10, 20m}
o Varying “Guardband”: {no guardband (i.e. adjacent channel), 10 MHz, 20 MHz}

e Analysis Outputs:
o CBRS Throughput and impacts
= Synchronized performance was similar regardless of guardband/separation
distance
=  General trend was in unsynchronized networks was:
e Throughput degradation decreased with increasing distance
e Throughput degradation decreased with increasing guardband size. Once
the separation distance was large enough, the degradation ceased to
exist.
e Conclusions:
o For unsynchronized networks, distance and spectral separation are useful mitigation
techniques.
o There was discussion about the applicability of these measurements to the working
group mandate of CBRS/C-Band coexistence. The Group discussed that the general
trends are likely similar, even if the quantitative results would vary.
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TOPICS FOR NEXT MEETING

o Review of TWG4 deliverable framework

o Further discussion of TDD sync options.

REPRESENTED ON TODAY’S CALL

AT&T Cable Labs Charter Comcast
Commscope CTIA Ericsson Federated Wireless
Google NCTA Nokia Samsung

T-Mobile Verizon WISPA

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2" completion date:

m C-Band auction

Date Milestone
10-Jul  Lock down list of use cases
T-Aug  SOWitem 3 [Quantifying the impacts of the areas of concemn] complete
28-Aug  SOWitem 4 [Coexistence options] complete
4-Sep S50OWitem 5 [Coexistence managemsent and coordination] complete
. = . . July August September
11-Sep  SOW item & [2nforcament of coexistence] complete 5 M T W T F s
. 1 2] 3| 4] s
18-5ep Recommendations finalized and drafted B AEEEE AR
= . c . 12|13 [ 14 1213 | 14|13 1314 (15[ 16|17 | 18] 19
25-Sep  Final Review of recommendations e 20 | = D FEREAEI R
2.0ct  TWIS Recommendstions submitted to OET el =L
October November
5 M T W T F s
4 6 7
4 5 6 12|13 |14
1mj1zf13 18|19 | 20| 21

Notes:

e Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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|.  8-28-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 8/28/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: Provide comments on the deliverable framework document.

e Raj: Continue work on existing TDD deployment methods/parameters.

e Requesting members to volunteer to carry out required tasks for the working group. See Table
below for volunteer slots highlighted in yellow

e Existing Volunteers can continue working in their respective areas

e ALL: Next meeting Friday September 4" 1:30 — 2:30 pm, Eastern Time.

TODAY’S MEETING

¢ Review of TWG4 deliverable framework. See below.
e Further discussion of TDD sync options. See below

e Review of TWG4 deliverable framework (See also attachment)

We reviewed version 01 of the framework for the deliverable to the FCC. The report will
summarize our recommendations, findings, outcomes in the front part of the report,
including [Recommendations], [Areas of Agreement], [Areas of disagreement], [Commentary
for context and understanding].

One objective is to identify as many areas of agreement as possible, being as specific as
possible. When we cannot agree on something specific, we will try to agree on something
more general.

The report will structure is organized by the SoW topics:
Identify and Confirm Areas of Concern

Define Use Cases

Quantifying the impacts of the areas of concern
Coexistence options

Coexistence management and coordination
Enforcement of coexistence practices

ok wnE

Later sections in the report provide more detailed technical information, followed by
appendices with all of our previous work and meeting minutes.

e Further discussion of TDD sync options.

Raj presented various pieces of information from his investigation into TDD sync options. He will follow
up with more information next week. Notes from his presentation and discussion:
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e Raj: Japanese operators should agree in advance on TDD configuration. Base stations must
support this decided-upon configuration to have permission to operate.

e Raj: China decided upon DDDSU pattern as negotiated by the operators in adjacent spectrum

within the 3.5 GHz band.

Raj: In general across all countries, operators are deciding which TDD parameters to use

Masoud: Cambium TDD sync is flexible to adapt to sync with other technologies.

Raj: GSMA recommends to define default national TDD parameters before award

Several discussion points about 4G TDD methods were discussed.

Q: Question about should a single TDD parameter set be required nationwide?

A: Shahzad. No. One configuration doesn’t allow sufficient flexibility for different applications.

For example, during coronavirus pandemic, there is now more uplink traffic than previously.

There are niche markets for I0T or latency sensitive applications. Interference does not occur all

of the time in unsynchronized networks, rather when the base stations are close to each other

with filters that have a more gradual roll off characteristics.

e A:PJ. Japan allows operators to address interference locally, as presented by Nokia, presented
earlier in the TWGA4.

e A: Cameron. We should encourage a hybrid solution with the majority using a standard TDD
configuration then have the option to use something different. Agrees with Nokia (what exactly
was this?) Cameron also mentioned the possibility of using Japan’s method where operators can
flip the Up/down slots and take the interference risk.

e Should we consider the possibility of a default parameter set for C-Band 5G-NR macro cells with
the option to use a non-default pattern in some areas?

TOPICS FOR NEXT MEETING

o Comments on TWG4 deliverable framework
o Further discussion of TDD sync examples, recommendation and US-specific constraints

REPRESENTED ON TODAY’S CALL

Charter Comcast Commscope CTIA
Ericsson Federated Wireless Google Nokia
Samsung T-Mobile UsS Cellular Verizon
WISPA

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2" completion date:
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Date Milestone

10-Jul  Lock down list of use cases
T-fug  SOWitem 3 [Quantifying the impacts of the areas of concemn] complete

28-Aug  SO0Witem 4 [Coexistence options] complete

4-Sep S0OWitem 5 [Coexistence managernent and coordination] complete

- - R July August September
11-5ep SOWitem & [enforcement of coexistence] complete 80 0 ) W T R s 5 M T W TF s s M T W T F S
. . HIEEE 1 1] 2] 3| 4] s
18-5ep Recommendations finalized and drafted S e 7| =] <[00 o = o 5| o] 7] = s|n| 8] o|w|n|n
- - . - 12|13 1415|1617 18 al1of| 1z 13| 14|15 13|14 (15|16 |17 [ 18| 19
ZD'SEF Final Review of recommendations 19| 20fz1 )2z f23) 2423 16|17 |18 19f320| 21|22 20|21 |22|23|24|25|26
2-0ct TWS Recommendations submitted to OET sljml=lals e R
November
Es M T W T F 8§
1 3 1 2 3 4 5 6 7
4 5 6 7 B a0 8 af1af1 1213|114
iz s]e] 17 15|16 |17 ]|18|19 |20 21
m G_Ear_: auminn 1B8|19| 2021|2223 | 24 2z 3| 2425 H H |28 20 ‘

Notes:
e  Current SoW version is version 1.4

VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com .

1 Define coexistence use cases .
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful. Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:
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4a Asynchronous TDD operation
4b Out of band emissions
4c Receiver overload and co-location
ad Non-3GPP solutions
Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
END.
Sincerely,

Ramneek Bali

Ramneek.Bali@charter.com

1,2
Masoud Olfat
masoud.olfat@federatedwireless.com
Ramneek Bali 1,2
Ramneek.Bali@charter.com
Ramneek Bali 1,2
Ramneek.Bali@charter.com
Need Lead with subject matter
expertise

1,2

Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com
Mark Gibson
mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:

PJ.Jayawardene@charter.com (PJ Jayawardene).

peter.tenerelli@verizon.com (Pete Tenerelli)

FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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m. 9-11-2020 Meeting
Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 9/11/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: Provide comments on the deliverable framework document.

e ALL: Prepare to discuss TDD Sync notification and coordination.

e ALL: Next meetings:
o Friday September 18™ 1:30 — 3:30 pm, Eastern Time.
o THURSDAY, Sept 24" 11 am — 1 pm, Eastern Time (DATE & TIME CHANGE)
o Friday October 2™, 1:30 — 3:30 pm, Eastern Time (back to normal time)

TODAY’S MEETING

¢ Considering the impact of relative levels of network loading on CBRS / C-Band coexistence.
Presentation by Chrys Koutsimanis. See below.
e TDD Synchronization survey and discussion. Presentation by Raj Sengupta See below.

X
---X

e Considering the impact of relative levels of network loading on CBRS / C-Band coexistence.
(See also attachment)

Chrys presented coexistence analysis of C-Band and CBRS networks that are fully synchronized (different
than most scenarios examined by the TWG4).

The simulation examined the impact of varying the relative network utilization levels in the respective
networks:

e |tlooked at interference levels within CBRS (with C-Band “switched off”).

e Next, it examined the impact of C-Band on the CBRS network for both Cat A and Cat B.

Regarding the network elements:
e CBRS base stations were Outdoor (Cat A & Cat B) and the CBRS UEs were both indoor & outdoor.
e C-Band base stations were outdoor macro.

Findings:

e Inall cases, the degradation to capacity was on the downlink, but not on the uplink.

e When the C-Band is the aggressor, a very high network utilization (~¥90%) is needed to severely
impact CBRS. The interference levels are manageable under typical network scenarios. Modifying
the relative antenna orientations of the victim/aggressor has a significant positive impact in
reducing interference.

e In this study, the cell edge targets were 5 Mbps downlink, 1 Mbps uplink

Page 92 of 111



Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

o TDD Synchronization survey and discussion. (see also attachment)
Raj presented some common themes of TDD synchronization based on his investigation of other
countries.

As shown in the slides, some countries have a preferred TDD pattern.
Some countries have an alternate configuration as well. The UK has a primary and alternate TDD
pattern with a permissive and restrictive mask, respectively.
Most common special slot configurations are:
o Without incumbents present in the band 10:2:2 (Downlink: guard period: uplink
symbols)
o With incumbents present in the band 6:4:4 or 4:6:4 (Downlink: guard period: uplink
symbols)

Discussion:

Should we define a default and alternate frame configuration? We did not reach a consensus on this
point, with most commenters preferring not to have a default configuration.

We will continue the discussion next week addressing the question: If no default TDD configuration, then
how would a notification/coordination mechanism work?

Here is the discussion from today’s call.

Masoud: asks the group to consider how to manage the control between a primary and alternate
TDD configuration in C-Band. The CBRS Alliance is working on this for CBRS band

Kumar: developing a coordination system before licensees are known may be a problem.
Separately, it’s possible that some non-3GPP CBRS users cannot synchronize.

Ratul: There are TDD patterns that will work together and doing TDD sync coordination is
business as usual. We don’t want to choose a specific pattern. The TWG has helped to inform
that common patterns are well defined.

Masoud: Don’t assume that CBRS cannot TDD align. We should assume that it is possible to
achieve TDD synchronization within CBRS

Manish: Coordination of TDD synchronization is not the same as FDD. It requires more rigor. We
should learn from other countries experience.

Navid: AT&T does not want to have a default TDD configuration

Shahzad: Addressing TDD synchronization locally makes sense, rather than choosing a default
configuration. This allows flexibility to implement what’s needed based on business
requirements. We can learn more about how coordination is done, including Japan.

Ben: a framework for coordination is good idea. He raises the question about how GAA use
cannot interfere with PAL uses within CBRS.

Masoud: PAL uses are not entitled to OOBE protections within CBRS band. CBRS Alliance is
working to address this.

Kumar: There are no adjacent channel protections given to users within the CBRS band.
Masoud/Kumar: CBRS Alliance is a good framework and it is not a mandate.

Patrick: Verizon does not want to define a default TDD configuration

Kara: CTIA, on behalf of ATT, TMO, Vz does not want to define a default TDD configuration
Manish: The TWG should state that TDD synchronization is required. We need to figure out how
to perform that.
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Pete: Thus far, the TWG4 has agreed that TDD synchronization could help to reduce cross-band
interference between CBRS and 3.7 GHz service. To date, we haven’t considered the question if
TDD synchronization should be required.

Shahzad: Describes a scenario where many base stations from both services are deployed. If
opposite-band sites are nearby, the interference likelihood is higher. If they are far apart, less so.
It's possible to solve the problems on a localized basis — if there is a small number of sites with
problems, could make site-level changes like changing antenna azimuth or tilt. If widespread
problems, then could use cross-band TDD synchronization.

Manish: Waiting until an interference problem occurs is too late. In general, CBRS will deploy
before 3.7 GHz service. This could result in sudden interference problems to CBRS operators
when the 3.7 GHz service starts.

Patrick: FCC takes a free-market approach to regulation. 3.7 GHz service operators expected to
have a strong incentive to coordinate to avoid interference, esp. since it is bi-directional.
Coordination among FDD operators is common, it may be different than TDD, but is manageable.
We should work toward a notification system.

TOPICS FOR NEXT MEETING

o Discussion TDD synchronization notification and coordination method
o Review of the draft deliverable document

REPRESENTED ON TODAY’S CALL

AT&T Cable Labs Charter Commscope
CTIA Ericsson Federated Wireless Nokia
Samsung T-Mobile UsS Cellular Verizon
Windstream

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2" completion date:

Date Milestone
10-Jul  Lock down list of use cases
T-fug  SOWitem 3 [Quantifying the impacts of the areas of concemn] complets
28-Aug  S0OWitem 4 [Coexistence options] complete
4-Zep SOV item & [Coexistznce management and coordinstion) complets
. = . . duly August September
1-52p  SOWitem & [enforesment of cosistznce] complete
. 1 z| B 4 1 1 2 3 4 5
18-Sep Recommendations finalized and drafted s e 7| & 20|00 [ =] < 5| ¢ 7] & 8| H| 8] o|w|n|n
= . c . 1213 14]15]16]17 |18 2110]1 1213 | 14|15 1214 (1 16 (17| 18] 19
25-Sep  Final Review of recommendations 192021 | 22|23 22] 25 1617 18| 19|20 2122 20 2122|2324 |25] 28
20t TWIS Recommendations submitted to OET Dlojmlelals gz e R
October November
§ M T W T F 5 5 M T W T F 5
2 3 1 2 3 4 6 7
4 6 7 8 2] 10 8 aliof1 12|13 | 14
M1zl 13]14]1 16 | 17 15|16 17| 18| 19| 20| 21
m C_E;r: auc-lcn 1819|2021 22] 23|24 22| 23f24| 25| H H |28 20 ‘

Notes:
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e Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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9-18-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence
Meeting Minutes 9/18/2020, 1:30pm, Eastern Time

ACTIONS

e ALL: Provide comments on the draft TWG4 deliverable document. Rev 03 is already distributed.
We will distribute Rev 04 early in the week of 9-21-20.
e ALL: Next meetings:
o THURSDAY, Sept 24" 11 am — 1 pm, Eastern Time (DATE & TIME CHANGE): Review and
on-screen editing of draft TWG4 report
o Friday October 2", 1:30 — 3:30 pm, Eastern Time (back to normal time, final scheduled
meeting): Final review and on-screen editing of draft TWG4 report

TODAY’S MEETING

¢ Admin: upcoming schedule / document reviews.

e MEETING CHANGE NEXT WEEK ONLY: new time Thursday 9-24, 11-1 pm eastern

e Discussion TDD synchronization notification and coordination method

e Review of the draft deliverable document (we did not cover this item, deferring until next
meeting.

e Admin: upcoming schedule / document reviews.

After today’s meeting, the TWG4 will focus on review and completion of the deliverable
document from this TWG. We intend to have this deliverable completed at the end of our
TWG4 meeting on 10-2-2020. To meet this objective, we request members to provide
feedback on the draft documents as we distribute them to the group. Revision 03 is already
available, and we will distribute Revision 04 early in the week of 9-21-2020.

e MEETING CHANGE TIME/DATE NEXT WEEK ONLY: new time Thursday 9-24, 11-1 pm eastern

Next week’s meeting will be on Thursday 9-24-2020 at 11 am — 1 pm, Eastern Time. We will
hold the meeting one day earlier than usual, and at an earlier time of day. This is a one-time
change.

e Discussion TDD synchronization notification and coordination method

On our previous meeting of 9-11-2020, we did not reach a consensus on the question of
whether we should have a default set of TDD synchronization parameters. Therefore, today’s
meeting began with that context — if we don’t have a default set of TDD synchronization
parameters, then what should a CBRS / 3.7 GHz service coordination or notification
mechanism look like?
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The outcome of today’s discussion was that we did not reach a consensus on answer(s) to
today’s question. The non-consensus items include the following: the timing for
development of a coordination or notification mechanism, whether it made more sense to
have a centralized vs. localized mechanism, whether or not a mechanism was required vs.
normal course of business operations to solve cross-band interference problems, and the
expected severity of cross-band interference problems. As a result, we don’t have specific
immediate-term recommendations on this topic, rather to recommend that an industry
group continue to examine these questions in the future.
The following are the discussion points raised by the group:
PJ (opening question for the group’s consideration): Should we have a mechanism to
allow coordination / notification about TDD sync parameters among CBRS and 3.7 GHz
service operators?

e Patrick: coordination / notification mechanism question needs to be separated into two
parts: first the intra-C-Band should be figured out, followed by the inter-band portion (CBRS /
C-Band)

e Masoud: (referencing intra-CBRS coordination) cannot rely on a static model. CBRS has a
TDD coordination framework that is not part of the Part 96 rules

e PJ: the coordination mechanism must be dynamic

e Masoud: the dynamic nature of CBRS’ coordination framework is due to the dynamic nature
of CBRS itself.

o Ariful: In CBRS, there is a centralized control — users must register. This makes it easier to
coordinate, but how to get it done?

e Andy C.: we could find a coordination mechanism, but it will be voluntary. With no
regulatory requirement, it has no teeth. Consider that this TWG document could apply to the
3450-3550 band or other adjacent bands.

e Joe: Consider that lack of a coordination mechanism could hurt the value of the spectrum.
It’s good that we don’t have a prescriptive regulator. Consider the value of operational
predictability at the cost of some flexibility.

e Cameron: The focus should be on what are the triggers for coordination. It should be an
overarching framework. It should include how to qualify interference, including how to
identify the aggressor.

e PJ: (to the group) what should the triggers be for such a coordination / notification
mechanism? For example, a certain amount/type of degradation? Who does the
monitoring? Who to call? Is this solved on a national level or on a location level?

e Ratul: Triggers can be based on those used in the regular course of business. Affected parties
exchange information as in a natural extension of license boundaries coordination. Triggers
can be, for example. Throughput, retainability, accessibility, etc. If cross-band interference is
the root cause, the affected parties can work it out.

e Joe A: There are common industry KPIs. Concern: if KPIs are used to trigger action, it, will not
be straightforward to identify lack of TDD synchronization as the cause of the degradation.
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e Cameron: Agrees that finding interference root cause could be difficult. He suggests a
system that helps to propose root cause to performance problems or to propose a remedy.
This system might work by having operators register network devices in a generalized way
that would help determine root cause of interference, perhaps involving a sort of
interference matrix. In response to a concern that operators often don’t want to share
information about their network infrastructure: this information repository could contain
genericized information about the networks, that still have enough information to help make
performance improvement recommendations, but not detailed enough to reverse engineer
the more sensitive details.

e Joe: expects that interference problems related to unsynchronized TDD systems will be inside
of the license area boundaries (not just limited to the boundary areas) Therefore, the
problem will be worse than current license boundary area problems

e Shahzad: business as usual methods are the right way to deal with problems that might
occur. Each operator has different KPlIs. If their KPI(s) are exceeded, the operator should look
into the problem on a site by site basis.

e Shahzad: regarding the database method of identifying the cause of interference, this isn’t
accurate to use a radio propagation model, measurements are more accurate.

e Cameron: (regarding the use of measurements instead of radio propagation calculations):
this won’t help for UEs, which are not tracked.

e Joe: (regarding the case-by-case resolution of interference problems without a TDD
synchronization coordination mechanism): this is still labor-intensive and a better to have an
up-front method

e Pete (to the group): let’s consider the pros and cons of an up-front method vs. solving the
problems as they appear.

e PJ/Pete summarize the conversation thus far: suggestions include:

o business as usual methods of solving interference problems as they occur

o Agreeing to a coordination / notification mechanism framework now

o Agreeing to a coordination / notification mechanism framework when the C-band
licensees are known.

o A hybrid approach based on a set of tools that will help operators identify and
resolve interference problems quickly when they occur.

e Raquel: We need to know the C-Band players and understand the problem better before
deciding on a plan

e Pascale: Once the C-band auction is over, we will better understand the landscape of
licensees and will understand the problem to be solved better. It may not be a problem. We
can support a way to coordinate amongst the affected entities after the auction.

e PJ (asking Raquel and Pascale): We know that unsynchronized networks will cause
degradation to varying degrees. What if the problem is multi-operator and complex? How to
know who is operating in what area?

e Pascale: The affected entities will work in good faith to find a solution, using TDD
synchronization or otherwise. The value of the TWG4 has been to identify where and when
to use interference reduction methods
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e Raquel: We've bounded the problem. The scope could become narrower and might be
simple. Therefore, it doesn’t make sense to try to address situation without knowing scope
better.

e Patrick: It's too soon to develop a plan based on hypothetical circumstance. Wait until after
the auction to do so.

e Colleen: It’s clear that we don’t know all the players, but have worked out that interference
occurs

e Cameron: The best we can do at this point is to frame tools to mitigate interference from
unsynchronized networks, including those from global operators.

e Shahzad: Interference problem solving should be worked out among the affected entities

e Manish: Global operators have already been dealing with TDD networks longer than we have.
They agree that it is a problem but we cannot seem to. We should take their experience into
account. TDD coordinating is not the same as FDD coordination — TDD is more complex. If
you have other spectrum, then business as usual is fine. There is an interference problem
with unsynchronized TDD and we should do something about it.

e Ratul: There are many different ways that we could evolve business as usual methods to
accommodate this situation.

e Pascale: We've learned a lot from TWG4 and we will be prepared to put it to use.

e Manish: If we can figure out a method to address unsynchronized TDD interference, without
exposing network element details, we should do it. If CBRS has deploys and later C-band
comes on air, there could be interference. This is a big problem.

e Cameron: We don’t have to mandate analysis, it shows that TDD sync is useful. In the future,
we should follow global direction as other countries’” networks utilization levels increase (and
interference would be more likely). Propose that the idea of tools be separated from the
question of mandates.

e  Manish: All parties who will be C-Band licensees are already present in the TWG4, so we
don’t need to wait until later to address TDD synchronization coordination.

e Raj: TDD synchronization is a good idea and better done after the auction.

e Raquel: we'd be wise not to speculate on who will be the C-Band licensees.

e Navin: There are still issues to be resolved regarding PAL and GAA in the CBRS Alliance.

e Richard: One band shouldn’t get to decide how the coordination will be done

e Gram: A useful tool might be 3GPP TR 38.866, Study on remote interference management for
NR

e Cameron: Likes the idea of segmenting the discussion into tools vs. mandate

e PJ: (summarizing past TWG4 activity and looking forward) Mandating is no longer a viable option
per the group’s preference. We could look at a framework in the future.

e Ben: it could be useful to have a PLMN scanner as a troubleshooting device which could help
identify the source of the interfering signal. This was also discussed in TWG1 (FSS/ 3.7 GHz
service coexistence)

TOPICS FOR NEXT MEETING

Page 101 of 111



Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

o Review of the draft deliverable document

REPRESENTED ON TODAY’S CALL

AT&T Charter Comcast Commscope
CTIA Ericsson Federated Wireless Google
NCTA Nokia Samsung T-Mobile
US Cellular Verizon Windstream WISPA

e Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of
Work, working backwards from a Oct 2"¢ completion date:

Date Milestone

10-Jul  Lock down list of use cases
T-fug  S0Witem 3 [Quantifying the impacts of the areas of concemn] complets

28-Aug  SO0Witem 4 [Coexistence options] complete

4-Sep S0OWitem 5 [Coexistence managernent nation] complets

- - . R July August September
11-Sep  SOWitam & [enforcament of coexistence] complete s M T w T Fs
1 1 1 3
2 3| 4 5 6| 7 8

2 H 4 2 4 5
18-Sep ecormmendations finalized and drafted HE B
- . . . 12113141 16|17 | 18 afwo] 1213|1415 1314 (1 16 (17| 18| 19
ED-SEF FFE EE"IIE“I of recommendatons 19|z | |2z|23|24) 23 1617|1819 20| 21|22 20| 21| 22|23|24(25| 26
20t TWIS Recommendations submitted to OET e el R ;z e R e
October November

8 M T W T F s ] M T W T F 5

2 3 1 2 3 4 6 7

4 6 7 B a0 B af1o]1 12|13 | 14

Ml12|13|1415]16 |17 1516171819 |20 21

m E_Esp: auc-lcn 18|19 z0| 21|22 23] 24 2223|2425 K H |28

Notes:
e Current SoW version is version 1.4
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VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com

1 Define coexistence use cases
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>

Evaluate lessons learnt from global TDD - -

3 . . . Raj Sengupta <RSengupta@ctia.org>
deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -

the areas of:

Ramneek Bali
Ramneek.Bali@charter.com

4a Asynchronous TDD operation 1,2

Masoud Olfat
masoud.olfat@federatedwireless.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Ramneek Bali 1,2
Ramneek.Bali@charter.com

Need Lead with subject matter

expertise

4ad Non-3GPP solutions 1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com

Mark Gibson

mgibson@comsearch.com

Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

4b Out of band emissions

4c Receiver overload and co-location

Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
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END.

Sincerely,

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:
PJ.Jayawardene@charter.com (PJ Jayawardene).
peter.tenerelli@verizon.com (Pete Tenerelli)
FCC-C-Band-TWG4@googlegroups.com (e-mail list)

Page 104 of 111


mailto:PJ.Jayawardene@charter.com
mailto:peter.tenerelli@verizon.com
mailto:FCC-C-Band-TWG4@googlegroups.com

Report of Technical Working Group #4 (C-Band / CBRS Coexistence)
Report Date: October 06, 2020

n. 9-24-2020 Meeting

Technical Working Group 4: 3.7 GHz service / CBRS coexistence

Meeting Minutes 9/24/2020, 11:00am, Eastern Time
ACTIONS

e ALL: Provide comments on the draft TWG4 deliverable document. See instructions below.
You should have Rev 05 available for your review and comment. See e-mail with subject “FINAL
REVIEW of TWG4 Final Deliverable draft (rev 05) - LAST CHANCE TO MODIFY”, sent on 9-24-20 at
4:57 pm, Eastern Time.
e ALL: Next meeting:
o Friday October 2", 1:30 — 3:30 pm, Eastern Time
(back to normal time, final scheduled meeting): Final review and on-screen editing of
draft TWG4 report

TODAY’S MEETING

e TWG4 deliverable document commenting, and reviews.
LAST CHANCES TO COMMENT/MODIFY REPORT.
o Update: FCC Meeting with chairs of technical working groups on 9-22-20.
e Walk-through and request for comment on the TWG4 draft deliverable document

X
---X

1. TWGA4 deliverable document commenting, and reviews.

TWG4 DELIVERABLE REPORT: LAST CHANCE TO MODIFY!

Please review and provide comments on the latest version of the TWG Deliverable report

(rev 05).
e  HOW-TO?: e-mail your comments. Preferably as tracked changes in MS Word.
But we can accept them in an email, if you must. We’d prefer that you provide
actual wording rather than something vague like “clarify section 12.6.3”
e  WHAT'S NEXT?: PJ and | will consolidate the comments and re-circulate the
document at the middle of next week. We will continue to take comments after
the re-circulation.
e  WHEN IS THE FINAL REVIEW?: Friday 10-2-20, we will do an on-screen
editing session with all proposed comments ready for consideration. We will
adjudicate the proposed changes. Meeting time is 1:30 — 3:30 pm, Eastern Time.
We intend to have this deliverable completed at the end of our TWG4 meeting on
10-2-2020, with the exception of cosmetics.
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e  WHAT HAPPENS AFTER FINAL REVIEW?: Without modifying the content, we
will format the report in a manner consistent with the multi-stakeholder group’s
(MSG) method of submission to the FCC. The MSG is the umbrella group
coordinating the activities of the four C-band technical working groups. The exact
submission date and format is to be determined. We’ve asked the FCC for
feedback on these topics.

2. Update: FCC Meeting with chairs of technical working groups on 9-22-20.
On 9-22-20, the chairs of the four C-Band technical working groups and of the (umbrella
organization) Multi-Stakeholder Group (MSG) met with FCC staff to provide progress updates and seek
guidance. The MSG is chaired by Danielle Pineres (NCTA) and Kara Graves (CTIA). FCC staff were
generally pleased with progress. Regarding next steps on TWGs report submissions format and TWG4
non-consensus items, the FCC staff said that they would have to get back to us. The MSG is submitting
an ex parte filing about this meeting with the FCC.

3. Walk-through and request for comment on the TWG4 draft deliverable

document.

We walked through the TWG4 draft deliverable document today and sought comments. There
were not many comments since the group did not have much prior review time.

We made some changes as agreed to by the group and we marked some areas for further work,
as discussed on the call. We used MS Word track changes and MS comments to highlight areas
that are works-in-progress. We also used wording in [square brackets] to indicate tentative
language. Please see instructions in item 1. above for proposing changes to the document and
next steps.

TOPICS FOR NEXT MEETING
o Final review of the draft deliverable document and adjudication of proposed changes.

REPRESENTED ON TODAY’S CALL

AT&T CCA Charter Comcast
Commescope CTIA Ericsson Federated Wireless
NCTA Nokia Samsung T-Mobile

US Cellular Verizon Windstream WISPA

Schedule for Completion of SOW. This schedule is based upon the Working Group’s Statement of Work,
working backwards from an Oct 2" completion date:
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Date Milestone

10-Jul  Lock down list of use cases
T-fug  SOWitem 3 [Quantifying the impacts of the areas of concemn] complete

28-Aug  SO0Witem 4 [Coexistence options] complete

4-Sep S0OWitem 5 [Coexistence managernent and coordination] complete

T = . July August September
11-5ep SOWitem & [enforcement of coexistence] complete 80 0 ) W T R s 5 M T W TF s s M T W T F S

. . Al 2[R 4 1 1] 2] 3] 4] s
18-5ep Recommendations finalized and drafted S e 7| =] <[00 o = o 5| o] 7] = s|n| 8] o|w|n|n
- . . - 12|13 14]15] 18] 17|18 al1wo|11]12])13]|14]15 1314|1516 17| 18| 19
25-Sep Final Review of recommendations HNEIBEIEREEIE 16 | 17 [ 18] e 20 22 20| 21 |22 23| 22 |25 26
2-0ct  TWG Recommendations submitted to OET SRR MR R e R

October November
S M| T W T F 8 5§ M T W T F 8§
1l 2] 3 1| 2] 3] <] s] 8] 7
AEIEEIEERE HEEEEERE

iz 1sfef1s] e |17 1516|1718 19 20| =

m C-Band auction HEIEIBEEBEEE 2223|2425 H | H |28

Notes:
e  Current SoW version is version 1.4

VOLUNTEER TABLE:

Cameron Gillis
c.gillis@sea.samsung.com .

1 Define coexistence use cases .
Shahzad Bashir

shahzad.bashir6@t-mobile.com
e Determine realistic/reasonable Ramneek Bali
equipment specifications/operational = Ramneek.Bali@charter.com
parameters and filter characteristics,
etc Masoud Olfat
e Identify existing mechanisms creating | masoud.olfat@federatedwireless.com -

2 . . .
intra-band interference and governing
parameters Ariful Hannan
e Identify existing interference Ariful.Hannan@commscope.com
mitigation techniques and governing
parameters Raj Sengupta <RSengupta@ctia.org>
Evaluate lessons learnt from global TDD - i -
3 Raj Sengupta <RSengupta@ctia.org>

deployments and their efficacy in the US
Perform deterministic and statistical

4 analyses for the agreed-upon use cases in -
the areas of:
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4a Asynchronous TDD operation
4b Out of band emissions
4c Receiver overload and co-location
ad Non-3GPP solutions
Examine potential for negative impact on
5 CBRS’ Environmental Sensing Capability
(ESC) system by C-Band transmissions
END.
Sincerely,

Ramneek Bali

Ramneek.Bali@charter.com

1,2
Masoud Olfat
masoud.olfat@federatedwireless.com
Ramneek Bali 12
Ramneek.Bali@charter.com '
Ramneek Bali 1,2
Ramneek.Bali@charter.com
Need Lead with subject matter
expertise

1,2
Masoud Olfat can support but need lead
masoud.olfat@federatedwireless.com
Mark Gibson
mgibson@comsearch.com
Masoud Olfat
masoud.olfat@federatedwireless.com

Andy Clegg
aclegg@google.com

TWG-4 (3.7 GHz service / CBRS coexistence) Co-chairs:

PJ.Jayawardene@charter.com (PJ Jayawardene).

peter.tenerelli@verizon.com (Pete Tenerelli)

FCC-C-Band-TWG4@googlegroups.com (e-mail list)
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0. 10-2-2020 Meeting

Technical Working Group 4 (3.7 GHz service / CBRS coexistence), October 2", 2020

AGENDA

e Rollcall
e FCC Quiet Period Statement (C-Band Auction Quiet Period began 9-22-20)

applicants if those di
posi-auction market
strategy. This rule qj

e Agenda review and co-chair comments
e Progress recap from last week:

o Update: FCC Meeting with chairs of technical working groups on 9-22-20.
o Walk-through and request for comment on the TWG4 draft deliverable document

e Open Actions from last week
o N/A

TODAY’'S MEETING
e Final on-screen editing of the TWG4 report.
o Today’s goal
o Current document status
o Areas of focus
= Top priority: content
= Low priority: formatting
= Don’t plan to go through the meeting minutes (~60 pages)
= Plans for review of non-consensus “opinion section”
= Expectations for pace/mechanics of the review

o Next Steps
o Formatting of report and submission via the multi-stakeholder group

e Any other business

Notes:
e Current SoW version is version 1.4
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10. Appendix F: Attendees of TWG4 Meetings

The following people attended TWG4 meetings (alphabetically by company / organization):

Navid Motamed AT&T

Neeti Tandon AT&T
Raquel Noriega AT&T

Mark Poletti Cable Labs
Roy Sun Cable Labs
Alexi Maltas CCA
Jonathan Levine Charter
Colleen King Charter

Erik Neitzel Charter
Manish Jindal Charter

PJ Jayawardene Charter
Ramneek Bali Charter
Lincy John Charter
Brian Josef Comcast
Joe Attanasio Comcast
Andrew Beck Commescope
Ariful Hannan Commscope
Awaiz Ahmad Khan Commscope
Mark Gibson Commscope
Doug Hyslop CTIA

Jen Oberhausen CTIA

Kara Graves CTIA

Raj Sengupta CTIA

Gary Boudreau Ericsson
Kumar Balachandran Ericsson
Noman Alam Ericsson
Stephen Rayment Ericsson
Chrys Koutsimanis Ericsson
Masoud Olfat Federated Wireless
Mark Ayers GCl

Andy Clegg Google
Justin Terwee Midco

Andy Scott NCTA
Danielle Pineres NCTA
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Fabiano Chaves Nokia
Navin Hathiramani Nokia
Prakash Moorut Nokia

Luca Rose Nokia
Gene Fong Qualcomm
Cameron Gillis Samsung
Rob Kubik Samsung
Gram Lekutai T-Mobile
Pascale Dumit T-Mobile
Shahzad Bashir T-Mobile
John Kay UsS Cellular
Ratul Guha Verizon
Max Solondz Verizon
Patrick Welsh Verizon
Pete Tenerelli Verizon
Wes Burnett Viaero

Ben Holden Windstream
Richard Bernhardt WISPA
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